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(57)Abstract: 

PROBLEM TO BE SOLVED: To realize the action of a main 
beam angle on the image plane of a split type objective lens 
over a wide area. 

SOLUTION: This split type objective lens (1) having an optical 
axis(OA) for irradiating image field in the illuminator of a 
microlithographic projection exposure device is arranged 
between an aperture surface (APE) and the image plane (IM). 
The lens (1) includes a 1st lens group (3) and a lens (L15) 
(..;;■: ; having a 1st aspherical lens surface (S1 1 1). A 2nd lens group (5) 
is equipped with at least one 1st lens (L15) having negative 
refractive power and at least one 2nd lens (L14) having positive 
refractive power. The maximum field height Yimmax in the image 
field is at least 40 mm, while a numerical aperture on an image 
side is at least 0.15. A main beam has field height Yim and the 
main beam angle PF in the image field. 
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SK-AAC^ti^HllttJPF,, ( Y ; m Bax ) li'J> 
&< + 1 5mr l/fetfot»|JfjW) 

r. LfetfoTC©::*:!*. €ftC<fc-pT&i^©##Jfl2 
< Ci:*ST-^S©T-x ^fiJT-feSo C©«IE3MS4BS8t 
^tf^f*l©7tffi^?©Sip<fc!3€)iiSV^e)T-$.2)o 

m<Dfr&iBtt®\s>xit. mmivpte < 1 1» 8 o mm-e 

«fll«DBBP»#'J>*< t* 0. 15-C*4*a» 
CtJt,>T±IB©^*IE^iiJ5X1-5= CCTf*«©HP» 
fctt, ^«Ug»»l/>XcD«*ROiSSfcJ;l»nriB«:«t 

¥t5F*g©i§pis©ci:T-fe.5o i^^Mommtmrnom 

2mmT-$>S 0 *^W©^-f!lff^*r^U >X©g! 2 1/ >X 
gf#'J>fc< k* 2ffl©U>X*»e>5&o-r^S@-&Ct>i: 

*e«©»ffijRS©a*iEta^«T?*, ^©^. sit- 

>X(±ft©Jg#T7J£*U |g2 U>X(iIE©H#r££* 
[0 0 12] «©B#Mj*tffS»l U>X#fc¥ffifc 



»U"Ciatf*«i/>Xffit«ifc*!), ov-'-rtic© 5 ? 
M©a^g*siET-feSh, t>k^iig^©W®iKII©« 

[0 0 13] E]ffl©l/>XM©fl^gi:U>Xilgi: 
<Dtt*#l. 0*»» JKitttO. 8*af»4Cttf 
JfjST-feSo ^©it^©TRBtt^*^-rS 0. 5 ©ft 
^<fSttbfelHffl©U>XfflC«fcoTv ffl*5> 
®<»MUfcli^©iK:-A©Huf3U>XW's©Xl&A 

l:i t)7^#<SfK-rs. 

[0 0 14] gi(DmVit)$:%TZmi UVXttffiattt 

&s BU®k«MfflIl^*tl©^{±]ET-feS. 
[0015] *<Df£\cn<Dm$Tl]*£T2>m 1 b>Xtt 
T-#3£tt&¥S©3e#lcES-f 3£>g#fc3-5o §fi 

ffl i: © US© 7fefi&F*3 * OflhcDjt**? #BBS £ ^ c 

[0 0 16] %m&&. Tfcfc%fc¥iHrt©#jfeCDtt«fe 
SffiIE-rSfc»{C(±, Ml 1 b>X©EDM©U>XS#f£ 

tcA»T5o m®©u>xffi©ffl**gfflicfi 

{c^-T -5 Maoi^XffiOlS^fr 6 ©^¥ffi©Hfil©Jt 
$*S0. 7*5.1. 3©F^T-fe-5®^(CjgjEjK$tVSo tp 
/^Ttm© tf-A *sfft¥ffiCW UT(i<3:|B|'C,>© b >XSC 

«t o X * n 5 ft ©M* 4#IE "f -5 © C 
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[0 0 17] fft¥BC#bTIHB©l'>X¥B*«f-3 

*©to©I/>X##<9Eb&^ig-£-fci:, (H]B©U>XB© 
ffi5£iNl©^#fflfI*^ G3B©U>XB©IIj&©&¥B 
A 1 £ ©E§8S <t t) * f!8Ji8C*£ ^jM^S o £ £ #*#JX;fc 
So ii^(iAIJLfe^m* SJ 5--T-^i!l^^)L'>X(*I{C 

©I/>XIt-?^^CS|6l(C-BSWf5. VX 9(F)W$& 

fcLTf^Mi-aiafficDi/yxffico^ffisstiifatHbxv^ 

^g©##©ttT-^;*ftSa ^ffi^^CDCflH©!^ 

[0018] «r*R8t©S/JWb«\ » 2 U >X8f©S'J© 
¥B©i§£-*>#l&£ft.5. U^;i/hS2 b>XS¥fflb 
>XB£:©F E g£$figS£t* 5 £b&v><fcok:-r.Sfc«>, ^ 
2U>* r Btt» #3a£#^3g*©£i,KX/i£t)B£S3i 

>Xi¥©W>XMX-©Rit©ftC«¥fflF«9X-S^«»^ 
*Y ta "»0'J>3&:< fc* 3 0%©iSlt»$$:«t-SJ:3 

#— jTrffeftK* u>Xfflo»ttieo*fl5K:«fc^Taws 

©^A 5 SSSS*t©5 0%S?-^tSfflT\ buI2*^ 
gp©£tf-A<±S5«Mit©fFffitcSISt-So b>!)>U fi 

te> it-Affl-€-©fib©±T©gC^t.Clffl*tS-r^¥S 
h£HU 2[slSStUfe*mA s ^lfi?:f ^tltiV^I 

5 o 

[0019] » 1 ©Hl^ffi© 1/ >Xffi©4$»±, x >-< 
n-Xi£ffit:*fl,-t'i>fc< i:* 0. 2 mm, *fjgfc{4 
0. 4 mmT-fe-5±£i^Sifiiti{BMfc:&-So Cffl<t?t 

*fT5fe»©*'5-o©1iiE^S-r-feS. SiSii5©^S 
{4, ^®©U>Xfflh^lfi©^tSlT-©x>^0-X^ 
Ei:©S§giT-feS 0 x>^n— X&;RB©^&i*> #**B 
i:[e]bTlu££;fr U A»o#l*B©U'>XBfc*©JBi*« 

tf— A © *m©Ml 3 1: - A IZ £ o X Pg5£2 ft £ o 
[0 0 2 0] MtC, 4MHJfc»»U>X©ttff-Ctt, 
BtttiOl' yX<D®M<D1femVeM.ft'Pti. < t& 3 0 mm. 



wmntoys >x©g^©^^¥®©n^i:fflsgffli©c t 
©ga^T^-frxASnrteti^So u^^^sms^to 

U dft££&TSfc»©^H(=tc©;*^-;3|*lfc:f1MB 
TS-ktf-c-tfcW-ftfcffcfcfcv^ 
[0 0 2 1] **Wt*-3<fl-i9?BJt«ju>xt:±o 

T, Y, B ^fe»©£tr- A A C# 

ra^ifittafl-PFB. (Y iB -") #'J>4<i:*+2 5 
mr adTf»*ct'5lCV4:*ilS*©»fflJRS*a*jE-r 

[0022] zcDztimic, ss 2 !✓ >x##fi 2 ©# 

mm<D b >XI$ix 5 d i: t «fc -3 TM^F ft s „ 

. [0 0 2 3] i>^D- Xfc1cB7!p£>©^ 2 (DftJ%W(D\s 

>zm(Dm*<Dmmmmm±o. 2mmj;HT-i5fi 

»t^&<%»tft«%e»-fs #actt0. 4mmW±T-fe 

■So 

[0 0 2 4] S*8i»ii5;*Yj."H:g8bt\ mtl&mU 
»#c, • Y,.— fc»-r*lWE#iH8»«-PFn. (Y iB 

©Jt^(±-0. 5A>6-2. 0©«Satfe5Ch 
#$Fi§T-fe£o *©ig^Cfcmfc*HS©iIigl8B#£J: 

z> £&mm.(Dmi&%ifrimthz> fc*©3E*MttB**i- bx 

[0 0 2 5] Z>£*«4fcg)&BJK3£<Z>fl?*0tt£. #10 
J&^«jU>Xtt«¥BF«g©S'h©ilS**-rs^#y N 

«>±{rAW-rs*ms»mr5o *©&»cttaBig«i 

SffliE-rSdiiAS^SX-feS. ±XOXjKs» m©i^ 

mmti^sm tc &mm$immz y ,.■«© 2 %r- 

!)£^±£^fc^rffl:ftJ&A s I^I*£ft3©T% ftjfctt 

¥ISi:bTi±ii:bT, »illC(±iE©H^f^?:*t-5^ 

B 1 U>XS¥A s fJffl^ft5o i£6*JC> S1P>XI¥^ 
I^BRB ©^>XB : &^ii^T^^SC:i: * s JfilT- 6 = 
[0 0 2 6] IE©a*f^4^-r-5^2 b>XA^-^* 

±T-»jST-feSo 

[0 0 2 7] *«(c{i^2 U>X»tts «§M3*«MIE 
b, t>fc*|g|ft«D»ffliRS*a»iEb, *o««»©*& 
-*flH»*«IEr*fc»t 3ffl4»e> 5«©1/>X*&« 
SK^ftSo 

[0028] cocti^i:, ^2 u>xmftizmmm 
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[0029] *ftme>ftmmtt®ii'>z&G%}\zitRE 

MA-#f3U>Xft£IR!)tttt£>ns C1CDR E MA —M 

¥ffl* zv®. <) m t(D?$(Dm i (Dfrmm 1 ®) u >xt. 

#Jff£tt^U>X«^jI©:)tefa£#UTV>£o R EMA — 

J** u yxnmmtW. l u >Xi;Sg 2 ©«■ 

&R EMA-ffll/ >X©Bu£gEM£ftfcft^SBffi©t> 

if-'. 

[0 0 3 0] REMA-*f®)V>X(i-?-CD%#:¥ffiP , gt: 

fc¥ffirt«D*J;»©.X#* h^f£^'h©iI8£*bTV> 
5. hfc©«*ffimte»©*»i^Y ta -'HD 

[0031] mmizitREMA-nmu>xcoxmv-t 

y^JCitfr-rS. C©<fc-5&^{£t<fcoT, REMA- 

[0 0 3 2] t>t.^^4/f-bTJBfiE$ns^h:-A© 
flbt, REMA-^U>X©^¥®f*3T?ttil5x.*;i/^ 

©iK-Atiiit-^s. *m©iS^?-;i/^fflSt:— a 

£-T3t:-A£ftu ^©*§£\ Altt>i:*>©MS*fcS 
^<££-A(iil5^*;t<¥©a<fr£;f| ltv^o 
ZYjz-o^xit. ^^^-^^©Mjfe-rsat:— aot^ 
rati r e am -Mm is >x© xmn t &<Dmm t mm-r 

?It-EEMA-Mil/>Xli, ±T©«Si*^T-fflig 
^*;i^©fiK-A££tf-Ah©«*£iffiIMA 5 2ma 
rd*l> ffatlB 1 mr a d*«T*a CifiJS 

2 ffl© U >X£^t? R E M A -tt® V >X iC J: XM&L 
®^>X*tBi. JB2CD»am5»«jb>Xtt5(l*>6 7 



[0 0 3 3] *»fl8C«k*«"|!HB»«jl/>Xtt*fiJttt 

»»u>x©iiat:a«»«ju>x4*«<. -entcto 

at". ^©fig, U>X U>Xfct# 

&©7felfi*#<&fcM#*fo£BaH<*ftS. ISBShgKM 

®»u>x*»^©^m©«s^*jifi i *si^t-rsfc«> 

K^%lU>X©±t-A^|©7>^IC3S^-^-e-J&:J7-nK«c 
frmBtt<® u >x«D««»rto±T©«»i«* c jjivr 

2mradM *f jgtCfi 1 mr a d^g§T-^>2>. C© 
Xfcl4Vi:*««»cHUT«tei=y r*flaa-T*. t> 

l«snfc»KJ**lll'>Xtt, tt£*fg*©£*DJK&© 

U >X©*!¥B«J«t« IE* 5 «I*a$ Jl5 „ 
[0 0 3 4] -etlt^UT, REMA-Mtl/>X4 

? -r ^ d V v ^ 7 7 •< eis*igc(j ffl t ^ z t i't 

*tJT-&!K *©R5, REMA-^V>Xtt*«itJl 
57>fJJI5^U>X4^t?^S. 
[00 3 5] &£0ffl£#J¥S bT *^B^<£P«Bti5iBJf 
5. 

[0 0 3 6] 

[»«!©3SiS©j&ffi] BHCtt*awcj:a«-aijB»«i 

l/>Xl©U>Xg|5^^-r. l^VXCftetC^'^Ttm©)! 
atf-ARSi:, g*t>a$©£t:-AHS, i'4Vl» 
©it— A©7tm©^lf-*JKJ5K-r-5tf— A#jSS*lTM 

s o c: c X itfrmBtt m \y > x i fctTfctt * * i& c 0 *s*t 

Stiffi^nt^S. '/XfA-r-i'ttaitlBW 
tlt^S, £©fgffi&^T-ttU>X»#4fcUT, 
IA=193. 3 nm©^®JS#f^* s 1 . 5 6 0 3 X 
feSTkH (Si0 2 )#M*W. 25S2£4&».5i&g 
1 5 7 nms £fcfcfcl2 6nm© 

a^ta-suB*** u > x £<£fli <r a £>g # & * *§^«\ 

U > X W*4 h b T 7 v { b * H * ffi^ -T 5 C h * T- 1 5 o 
^#JMftU>Xl t«toT^¥aiMF*IT?il@ASl 1 
6. 0mmfSSMSW?tl5, 1*«©^P»(4 
0. 1 8T-fe5o *iTf«-»HK>*!»U>X©*j9«tSH: 
2 0. 7 mmt-feSo 

[00 3 7] 18*187. 9mmfflK!)IAPEl:j; 
7t, W&:7t»*7l-aiff^%U>XCAItb> 
IM(±-€-n^tl©^^>7 Hc^tlS. lfe¥ffiF*3T-(i 
±-C©ll3R©Ja^^y hBSttl 6 0>um-e»5. * 
tf-y hilS©7<^^(i?lS ; ^^©ffiIE(c<toT, 
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lz& ■> * «fc VH □iKMofilE £ «fc tS^ $ ft 3 . 
[0 0 3 8] ftft(D££-AttHia^&ttttU>X 
1 CAStT 3BC«5®APE©*»fc>©3fc«|OA4:3Mg 
t5. ttDffiAPErt©£tf-A©*|||fc**T3fcS 
tts &¥ffiIMi*l©±fcr— A©*g»iiS£ Y ta t»js6-r 
3. lR&ffiAPErt0£e— A©«*fctt6. 3*-t?* 
MIIMT-(i5 8. OmmTfft Y,. 

7. 7mm?$i5. #¥®F*3©£tf— AC^^-^^^f 
#fyj£»f3U>Xl©t>i:<*B5ISPF (Y iE ) li®2£ 
HSS2 7 hLT^£ftTV%3„ IBBJSSjPIETffcaara 
©£fcf— A^fflfgti- 5 . 3mr ad&V>L+ 7. 9m 



S3 (1) CffliUD£JHSfcLTJRHT4Ci:#"e8K 
2 fci3*;*ftTO*. -£©»£•, £ 1 Kfli 

is c iii y iB = o x-$> zWi-sov- 1 frmm.<D%}mictt& 

Ji, t>i:^SIIS'N©Hi^g|5^* s IE^©v-^^p|idJK 
^2 8 i: I, T 13*2 ft, *il*aB»* t =^i«0^-i'* 
#3«*2 9 hUTfB«^ftT03. 

[ii] 







Y™* = 58.0mm 




-2.8566E-0 lmrad/mm 


-16.60mrad 




1 ,2526E-04mrad/mm 3 


24.57mrad 


C5 


-3 . 92 1 5E-09mrad/mm 5 


-2.60mrad 




6.4435E-13mrad/mm 7 


1 .44mrad 


c 9 


L5273E-16mrad/mm 9 


l.lSmrad 



*2 : &m&.<D&%)L 



[0 0 3 9] a2eD*3?Uk:li*ft*ft©i*»nC*Jft 
3 IE© Y i."»=+ 5 8 . 0mm©t§-g-£ 

£-r£#J5!5S;g|5#c n - Yi.«Ma«$ftT^3. IE© 
Y V h *&£<Z>$ffiJK£® 

§*gfS#{i. +2 4. 6mr ad©£3&g&#-r-<&3. 
^iS«afiS«-©±Wi+2 4. SmradtfeS. IOl 

SS#©lt^{i, Y i.-»©»^tt- 1. 4 

8T-S.S. 

[0040] ftpmmmi'i'Zutmi u>x#3 

I2 1/>XSf5i:)!)>e>%-5t^5. Sg 1 b >XP3 JilE 
©JBtfaifc-raH'XL 1 fl©JBtf^SW^-3 
V>XL 1 2 4i*»€)*-oTVaS. U>X»3rt"C«fl.g5 
©3E fcT- A H S (iftffiO A i: ^<C>**©^S tT- A R S 
fc©HO*iifTf *. !/>XL 1 l*5<tt>-L 1 2(i#3M9 
©b>XES 1 0 2 hS 1 0 4 tSiit^S. U>X 
LI ltU>XLl 2t*©flfflOU>Xffi#lR5ffiA 
PE©#ft£p^fc^X#XT-&3o £1 l/>Xgf3 
liiJibT, «MMS««ttiEU IHvCttlB*©*!** 

hoss4*'ht:-r*fc»cjtittrs. 

[ 0 0 4 1 ] m 2 b >Xf¥ 5 © U 
©/fiae-AR S(i^fflOAi:«^gP©£t;-AHS i: 
ffllHSitfT-ra. $ 1 1/>XS¥3 t%2 1/>XS¥5 fc© 
BBfctt, dft 5 t) W+-Sfc»©5E^-*K t) tttt 

Xt-X#fca. (1* a 5-fc«fcoT0!IAtffltWt#II&£ 
9 0° {SfaTZZiL&X'ZZ. ftS^tt, «i|^g^J©fe 



3-r 3„ <§Jtffl©3i^^S4ffi«-r5i:> 

2 ^©ft^*;i/# 6©#«i£»5(££&& < llasc £: 
#-££3. 4 5 ° fifflUfefll 

^■©^satis A»it»i/tiiitfi**jii*» 

{i{i{S^{ciSiii$ft3«J;-5t:l9:th$ftT^3. ccoj; 
[0 0 4 2] El 1©S?2 U>Xgf 5<i, ^.tVTVtfr 

hAST-tSo C©«k5fc»#*i|»*»&-rfc»Cs W.2 
l/>X»5ttiE(Offl*f**#-r*li8iau>XL 1 3 
IE©H#f^5:^-r3^-^AXL 1 4 Hfflfi£f;>3£ 
*-T3L'>XL 1 5 fc*»£«|J&;*ftTV>3. U>XMS 
1 1 Hi^®fflU>XB5T-ife!), *®g.m(Dm,wi±m. 

0. 4mmt-»IOL'>XIL 1 1 1 t&m.? 

2 4mmffe5fflt\ 
I^H©U>XfflS 1 1 b^>s<n—7mmt<D&^fz 
©SEii5©{ill(i0 . 2 8mmt-$i5 0 
[0 0 4 3] H©S#f+j£*ir3U>XL 1 5 (££¥99 
MUTHCDU^XffiS 1 1 2 fc^LTfc i) , ffl^^M 
fcU>Xilgi:©Jt*<i0. 75T-fe5o 1/>XL15 
tt*«CD*|ql3&>fejar fft¥® I M©h5©K#t2;<£ Wt5 
S^©U>X-<:-fe3©T-, E!®©lx>XiSS 1 1 2ii<£ 
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¥® IM©iImiiciEg£ftS. i^©V>XL 1 5 tit 
^¥®IMhOF^Ogffi#i6Sggf«i5 0. Ommf* 

So 

[0044] &&{m&mtiz, 4m&ttto]s>x<D%i 
^m^ttw yt%iOAi£ief?tzmt&<Dzk.x-&2>o u 

A>U U>XL 1 5 0»tiPBS¥ffoa***fctt»* 
;u*£8lSttttSCt*>Rrt£T-&S#, ^tl£tt# 

[0045] frmmm u >x 1 uaffa 7-r ^ □ y v 
cttisn*. U'^^;ua:^siJ&»»u>xirt's<DA 
XttJfattt, tt*&t** 5 S/hlS£&SJ;?CISft£tv 

-e2[HKltu svu^;i/tcf!i;i-rs 

M i: fttt O A ©iS V^ffll X' £ H f S «fc 3 £ 4MH&*Hfe Is 
>Xl*»«-r«di:tJ;-3-rajf«$lx5. 1/>X®S 
1 0 7*±WS 1 1 2T-fct2I]SftL;££lf-AHSi± 
SrrtfeTffilMfcgljiU -2k &¥Si:l/>XffiSl 
08, S 1 0 9, SI 10, ££VS 1 1 i t.<orscw 

So tfltl/VXIS 1 0 7 fc©WfcJ!&#KSt#*a 
Jg-g-tt, mft&<D£.\Z-Ai*m£ 3 7 . 3mmfftBffl 
h3£^-tS„ i*Vttg^Sii5$ Yi."»tj»t-rs 6 
4. 3%©*$tfcfc:*tf&-ra. MItUVXIS 1 1 
2fc©Hfc«F«Rjt#&S»£-tt, «^93©£t-A(i 
fi5?10 7. 7mmT-^BE£3Sg-f So CtlliiM 
SiS^Y iB »"(C*ft-S 1 8 5. 7%©Bi;*lt£*fJ&Tr 

[0 0 4 6] 1/>XL 1 5©&£JB#f;*J**-f S*©fifc 
©U>X#«Vvtlv6c^»£-tt, ffllMC^LTEO 

s©u>xffis 1 1 2i±y}gfcMict-oxM&xm&x- 

feSo U>X®S 1 1 2*&*¥fflIM$T?©K«#l/ 
>X®S 1 1 2©fl^g©*#fc^UVY®£-ti\ fe¥ 

*fbT, HI©1/>XIS 1 1 2©ffi^gfcfc 10 0. 
7mmT-fe?), I MA»f>ffl8gfflltt 7 9. 7mmT- 

T SC2M©l/>XffiS 1 1 2©,&!)®i:lfe¥ffiIMi:© 
E§8l(i2 9. 4mmT-fcSo ft^gffl^tzMfS Z 
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[0 0 4 7] AWfc<M*S^tfi&Jte**E3ffl©U>Xffl 

s 1 1 2t;xjt<*#*j:5cu 4UM§£©JKg&'j>fe 

<-fSfe©C, E]Bn©U'>XffiS 1 1 2 4t¥ffiIMIC 
»UTT?*««^PJ/0tE«1-*. EJ®©b>XffiS 1 

1 2©ajftj&»5>fc J FBBIM*t?«Dffi«i: x C3ffl©P>X 
IS 1 1 2©tt**§l©atti:©it^tt0. 7 9T-fe 

So 

[0 0 4 8] 133 (C(iREMA-Mtl^>X3 0 9 ©gf 

msEBS§©u>x^»js^u>xgp*^-r. i/>x 
©flfac (f>-c>^m©^iatf-AR s, &vcg^gs©£ 

^Str— A^^tlT^So REMA-?ftll'>X3 0 

irA^-^tiilS tf3«;**lT^So CfflSHSEfl^T-fcfc 
U > XW** h b T 7 «y -fb A ^ P •y A Tkfl C a F 2 *5 £ 
7kH (Si0 2 ) tfffifliStU *©JB*f*ttf^»iS«A 
= 19 3. 3 nmOM^t 1 . 5014, KMlZlt 1 . 

5 6 0 3T-s.So mi<Dm?icttfot2>m3<Dm?i£m 
i©#jsm^c3 o osftufctt-e^-r. c©#ft^© 

[0 0 4 9] S3fflREMA-«%W>X3 0 9 
fflCflM-0 = -3. 7 4T-tJfr«S4^-rS. Ciltt 

?g i frm&tt® u >x 3 1 1 i;ffi 3 frmmtt® u >x 3 

0 1 fcfrfeJgjSSJi, *®«JifcttHlffl#9JJ&»*IU> 
X©#}J«i:PIST-SS. REMA-»feU>X3 0 9 tC 
iot, Igtfl 1 6. 2mmfflMSW?n5o 
M<OllQt«0. 1 8T-feSo *CT-REMA-Mi 
1/>X3 0 9 ©fteaifSti 2 0 . 9mmtC&3„ REM 

A-^«1V>X3 0 9©A»r>t*H:«ilRffiiinfc»s 
©T-, mfc¥-MOB Jrtffl^tf— AKttOACSL-T 
¥fftciitf 0 il»»«II/>X3 1 l©t>fc*SS& 
ttT-SSEJt&fffciffllE^ftS. ^ft£fc§Sto£-f, ss 

IS<kO|fc«»»flC±oT, i^-Att^lflOAiliSKt) 
IAPEflt-lg$it S®tttft<, 8DICfff5 
ffl*|SjffiSK:£«$nT^$fli:35l|-rSo H3©REM 
A-»«U>X3 0 9Of^tt, ibT-Ai:3tffiOAi: 
©S^^«5. 4mmfflffl^[Rl^F ( 3{C^So Ztlitl 
8 8mmf$l.8!)IiCD2. 9%i:tiltS. 

[0050] ^»fls¥ffiOB jfrbMihTzytmz&vm 

4 0 /zmT-$)So 

[0 0 5 1 ] REMA-*M&U>X3 0 9(DT>£frM®L 

ittimx, (i) <cM ; -3<$>m5&tLTmmTzziitfT- 
-e©^a<±a4 tiB«^ixTv%So 

[*2] 
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=58. 1mm 
rry j& ^ <r> & m 3£ £S 4* 




-2.8278E-01mrad/mm 


-16.43mrad 


c 3 


1.0607E-04mrad/mm 3 


20.08mxad 


c 5 


6.5595E-09mrad/mm 3 


4.34mrad 


c 7 


-7.525 lE-13mrad/mm 7 


-1.68mrad 


c 9 


7.9719E-17mrad/mm 9 


0.60mrad 



[0052] «4*6, m0«*«»»3Y u »»©» 
0. lmradt-fe5 3ft^T*$)SCi:W5o 

»r«ib*J4«*«»i«*Y i ."«0»^ -1.46 
[0 0 5 3] JB2©4MWB»»1/>X3 0 1(4*1 U> 
91 U>Xi¥3 0 3i:(il/>XL3 5 hL 3 6 ktftS 

n> i/>xl 3 5«4iE0>jBW#*w^a^-;*;fr*^& 

t)x U>XL 3 6 J4MOJS#r;fr£W1-S^-X#XT-fe 
£> 0 ^*^0)[Hlffitt^n'eil3R!)BDAPE©^|Rl* 
fn]^T^£o 31 1 U>Xg£3 0 3©U>X*4-e*ve*l# 
3Rffi©U>XffiS 3 1 US3 13 hSSlt^So 

[0054] m2frmnmmi'>z3 oi®i2i/>x 

P3 0 5I1 E©H*r**WU Elffl©U>XB5#flfc¥ 
ffiIM©#l3£|£0^fc*-X*;*L 3 7 IE©®#f±7 
4*IU ^COC3®©U>Xffi#lK0®APE6D*|S|*|Rl 
ofc^-X^XL38i:, fi©JB«r;fc**fU ^£>IH]® 
^^t)ffiAPECD^[p]4fp]V>^^^^^XL 3 9 fc3^e> 
^ott^o l/>XIS 3 2 0{i»»l/>XIt$) 

U>XffiS 3 2 0£ii5£ 8 1 . lmmt-*«iBfi!)l/>X 
IS32 OfiD«B»*iiS««©lSjiRi:Hia-e*«iai> 
-<D — X«ScD*g(4 3 1 7 . lmmT-fe50T% #S 
S©l/>XffiS 3 2 0 fc^v^n— :/5Rffifc©|S©g* 
^Hit{§^(40. 8 7mmT*Mo 

[0 0 5 5 ] gODH#fij4#t-^U>XL3 9 teflffiH 
IMt»UTHBIi^ft5l/>XIS3 2lt1sU U> 
Xtfig£ttT£ffi*^S£>i£^t4 0 . 7 4T-*5o U> 
XL3 9 ttfift^ffi I MCDfuCD, JBJr^^^f ^>g^©U 
>XT-$>6<£>T% KlffiCDUVXffiS 3 2 lttft^ffl IM 
©iliiuCEBSti/t^So I^CDl/>XL3 9i:t¥ffl 
IM£CDH0S£ftttE||{46 4. Smm-eftSo 

[ 0 0 5 6 ] REMA-»»1/>X3 0 9©§?ffiIM 

«U>X3 0 1012 1/>XB3 0 5CD1/>X(4, fi5# 



*4 : 



CD (4, b>XffiS 316. S 3 1 9, S 3 2 0, tJcfctf 
S 3 2 1T-S5, 1/>XIS 3 1 7*5<fcVS 3 1 

8©»^(±, l/^*;i/fci»ffiU>Xffi^Karrae*» 
©±tr-AHStt<kTBCtt*tt^»3**r^ REMA 
-«tll/>X3 0 9CDrtfflOT-3*«ll/>XCD7 U — AC^ 
£3* *¥ffiIMi:U'>XWS 3 1 6 hCDF^MSSSKt* 
#*3»£14. 2EE*bfciK-AHStt*S4 1. 
9mmttWIMi:$lt5o ^*itt«K«»»*Y 

£*flT£itE£i±<Z)7 2%£*B^lT£o MffilM 
hl/>XIS 3 1 9 fc©H£«»fi»#fca»£r«\ 2 
0S»Ufcit:-AHS(ifil$5 9. 8mmt-f?II 

£i±<Z>102. 9%{:fflS«o»IIMi:l/>XB 
S 3 2 0 kCDrat:j»*fi»#»S»^tt, 2[HEftU£: 
£bf— AHSl4iS£ 8 3. 3mmt-«¥IIMJ:^t 

*<> cn&mm&mmzY^izttTzmzitcDi 4 

3. 4 t^o I Mi: u >XI S 3 2 1 i: 

©BCtt*E»#fc3»^li* 2E]K»L&±e-AH 
Sf4i^c*15 8. 8mmTM[BIMhSit5o dtl 
tt«»a»i**Y iB "«t:»-rs«*Jt©2 7 3. 3% 

[0 0 5 7] 03MCOU>XBS 3 2 lCffi^ilil 0 
1. 8mmT-&&, «¥EIMfc©IE«tt9 1 . 6 2m 

«ffi-rsiaffi6!)l/.>XffiS 3 2 lCDttOffitt. OTffil 
MMLT40. 7mm©jEai*#bTV^So CC7)ggg| 

[0 0 5 8] *it»**#«*«tX»A"??IHH©U>Xffi 
S3 2 l£Alt£-g\ ^T14&JB&©JRM*4>&<*- 
Ztz&lCs E3WCD1/VXBS3 2 ltt«¥BIMC»U 
T"eg*«»lR|i&CE«-r5. [HJffl(DU>XHS 3 2 1 
CDDIjiSlfr6CD«TBIM©E«i:, D0McDU>XffiS3 
2 l©ffl^^g©^fih(Z)it¥(4 0. 9 0T^5o 

[0 0 5 9 ] REMA-^tll/>X3 0 9©llgMO 
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#3§2 0 0 2 -3 2 3 (P 2 0 0 2-3 2 3 6 5 8 A) 



SfcffiiKH©*^ iSx^i^cfitf-Aiiifci-Ah© 

[rj{±,k t) ma p e pwytmoBmicji -Dtsesns. 

^^A 5 Stt)®APE4^±{c^^5i:> ^VJRH^Jt 
®tt*£^;fe«>£, ,«?!3CiAPE^)fcfflOA©^H^ 
fclt-C-ff3Strs^*©^tC^«9^ni.«fcD*, iSx* 

;u¥©fit:-A©£fc:-AA>e>©{Ig«J: ?):*:£< & 

3. 3 TlKMtiiK»3ffiAPE©^tt«StUfe^K:e8SS 
-?-©Se6I±x C©*^-(±?tm«^gB©^P 

^®iR^«H3©REMA-^tlU'>X3 0 9©i§ 
£\ iKt)ffi*^±(CMltbfeJS-&©ii5x?.;i/d! : ©«tf- 
A©^jgi:, :£T©#i»S5;*T-©£t:-A^,K©f§M# 
±0. 5mradCft5J;^l:)iiE$n5. 04t(ijE 
©*a»S£ ©*^©^^M*^«lT-^$ ilT ^ So 
[0 0 6 0] D5(c:(±REMA-^f3U>X5 0 9 ©SI 
2ffl^iS^®©U>X^i!lff^%U>X>i-4^-r. U'V 

£tf-A, 43<ttf*^gB©iK-AHS©?tmi:*St: 
-A^tlTV^, REMA-MUl/^X5 0 9ltt 

-^{±S5HI3SS$nT^So C©*JEff^T-{iU>X 
#*4i:UTzkIl (Si0 2 ) #<£ffl£tu ^©JB#r*{i 
f^l!/?SSA = 2 4 8. 3nmCDi^lil. 5 0 84T-& 
3. HI l*3J:t>-|a3©^^(cMii&-rsia5©^^(il2l 1 
©#fiB#-^fc|5]D#aa#^£;pfU «SlMiI5t-liI 



l®I?t 5 0 O^ioxfc, * U<<i0 3©^?{c2 0 
0 4iPx.fcS-§-T-^r. C©^^©H5JWtCOV>T(i0 
1. * L<te!2 3©!aR££#M2;}Xfc^o 
[0 0 6 1 ] EI5fflREMA-M^»b>X5 0 9 

m i ftmmft® u>xsiui3 ^-wrnrnm u >x 5 

0 1 hfr£JfM;**lT^3. REMA-^tll/>X50 
9tC«toT. Bg* s l 13. 3mm©{£:g|S#M!*;**i 
3. H#J©i§Patt0. 1 9T"£>£. €CT-REMA- 

n(*H3©REMA-*f®)U>X3 0 9©^sgmSJ: t) 
*M£i6^o REMA-^b>X5 0 9©Aftt>i:* 
(±»(SffiJSlF*3tfe5©T*, W¥IOB JF*l©dEt:-A 

5 1 1 JCJ: O^^tlS^ffiJR^fei^i:^^©^ 
«S^ffi£J:oT, 3EH-A(iiKf)®APE{cM-r5lfl 
^ia)egT-^lfflOAh3SM1-3. I5fflEEMA-Ml 
U>X5 0 9©H£\ 3i¥-A£X.mOAt(D$im&i* 
SWC8. 2mm©£ggt*;ltgliligLT^3<> d©^gS{± 
2 17. 2mmT-fe-5ige!3ilgffl3. 8%t*S^-T5o 
[0 0 6 2] «fc¥®OB J^ttftTSftiSfi^ffi 

6 0 wmt*5, 

[0 0 6 3] REMA-ffll/>X5 0 9CDT>tfrm®. 
Itl3&& (1) tS-^<^^i:b-rjl^-r5Ci:*5 T . 

[S3] 





££££ 


Y^ 801 = 56.6mm 




-5.341 302E-0 Imrad/mm 


-30.23mrad 




2.5267 16E-04mrad/mm 3 


48.81mrad 


c 5 


-8.320880E-09mrad/mm 5 


-4.83mrad 




2. 120363E-12mrad/mm 7 


3.95mrad 


c 9 


-6J39048E-17mrad/mm 9 


-0.38mrad 



2c 6 : &l%7£.<Dm& 



[0064] IE©«^SiS^Y iB »"©Jl 
•^©t>h^»ffl^ffiit2MtC*frsg^g|5^t±. +4 
5. 8mrad-C*5 3*(DS6#t:a&5Ci:W5, 
^H*ggi5#:£#H:+4 4. 5mradtfe5fflt\ 
iK£(£ R E M A -Mm U >Xcom 1 onmnm i: lt<gt b 
TSM^M< JiffllE^tvSo #H)iS95:9-©iI8gS(5 
^■ki^r-SJt^iig^^^Yi,,"*©®^-. -l. 

4 7ffe5, 

[0 0 6 5 ] REMA-M®}U>Z(Dm2(D-frmjimy>> 
\s >X 5 0 1 l±m 1 b >X8¥ 5 0 3 SI 2 b >Xff 5 



0 5t*^%-3t^5. Mil U>Xff 5 0 3 (C(±b>X 
L 5 6 tL 5 7 fctf-g-Sft, U>XL 5 6(iIE©ja#f^ 
$W1-3y-^*^-r-fe!). l/>XL 5 7{±g©S#f:*J 
^^•TS^-^*^T-$)So ^-^A^©Elffi(i€n^ 
tliKt)ffiAPE©^(Rl5;lqlO-r^-2)o U>XL5 6(±# 
J$ffi©U>X®S 5 13 4tLTV>5. 

[0 0 6 6] W, 2 frmBttVo U >X 5 0 1 ©SI 2 b > X 
«5 0 5tt» IE©JS#T;b£WU Affi©U>X®#,&!) 
iSAPE©^l6]5:(6HNfc^-^*XL 5 8 IE©IB#f 
;fr£WU -e©affi©L'>XMA s ft¥®IM©^|pl?:|n| 
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t^fcp< —T^tsTs L 5 9 i:, IE©B#r;t>£#-f £[B5£iL/> 

xLsioi:, a©ffl#f***u znawtmimA 

PEO^lfil^lpl^fe^-^^XL 5 1 1 h-fr^tt-oX^ 
•So 1/ >XB S 5 2 3 ttlf Sfflffl U >XItfe 5 > ■£© 

n©is^iig5 iztmztix^z. jmffi<Du>zm 

S5 2 3£g£9 9. 6mmt-«S©l/>XIS5 2 

3 (omm £ ft s mj^© m& t m ax-tw a x > ^ n - r 

SSffiCD^Sii- 2 3 8. 6mmT-&30T-s IMdcffi© U 
>XIS 5 2 3 fc-x^n— Xi£ffli:©R3©g;*:Silii5 

wi:*ilS*a)«fflJR****ltia»iE-es*±5tx S'J 
®^I©l/>XSS5 1 8S:•&^-e^^a. ^fflOb 
>XIS 5 1 8£iii2 1 0 9 . 9mmt*»I©V>X 

ffi©*g{il70. lmmf*5©7, #SICV>X 
1S5 1 8 fcx.>^0 — 7"J&ffifc©Ra©g*Silig{BH 
(± 1 . 6 6 mmT-fe^o 

[0 0 6 7] 1/>XL 5 1 lttffeJpffllMfcttUTIHW 
T-fe5V>XIS 5 2 5Six.v L-VXEHiCttT -5tt 
**g©Jt^(iO. 70T-feS. i(DMA?:^tSU 

>xl5 1 1 i M©au©s a*r**wr*«a 

©U>XT-£> ■£©-?, G3®©l/>XteS 5 2 5{if^p® 
IMCiliwfciaM^ti-tv^. I^©l/>Xi:f¥II 
Mk.©ffl©eB&^»ffiSI«±6 7. 9mmt-$5. 
[0 0 6 8] g2©4MMJ&»»U>X5 0 1 ©g§ 2 U > 

xP5 0 5®i/>xit ussawse/MRfc-rsi-sc. 

&S©fi, I5fflREMA-^»l/>X5 0 9ffli^tt 
b>XffiS 519, S 5 2 2, S 5 2 4, jiJiZfS 5 2 
5T*&t>, CfttCfcfbT, 1/>XIS5 1 8, S5 2 
0, S 5 2 1, iicfctfS 5 2 3©«^(±x U3-*;i£m 
IB V > XffiT-K*f-r 5 g^SB©^ tf— AH S <i<l¥® IC 
tt*tt-S>H»LfcW ft¥IIMtl/>XIS 5 1 9 t 
©fflfcttSSItfffcsa^tt, g^gB©5Et-AHSfi 
i"U£4 0. lmmfiWIMtJUtS. dilttBA 
USEES Yj."* 5 6. 6mmlC*f-f -5i«£i±©7 0. 
9 56C«ar*. «¥IIMi:l/>XffiS 5 2 2 kOlB 
t*5aFS»#*i»^tt, «^gP©±tf-AHS{±,g5$ 
5 8. 6mmft¥lIMJ:S5Mt5. cnttCttttff 
S5^Y im »«{CM-rS«$Jt©l 0 3. 5%£ffl^T 

5, &¥SIMi:U>XfflS 5 2 4fcOlBCtt*S»a« 
feSJi-^li, «^gi5©itf-AHStti^$ 5 2 . 4mm 

£*T-f £>iS5£lt©9 2 . 6%lCffi^r2>. &¥®IM4; 
b>XSS 5 2 5 i:©iaCSS»S»3&sfe*»^tt, 
gg©£ e- A HSIiil$18 0. 7 mmtffl IMi: 

©319. 3%Cffi^"T 5. 

[ 0 0 6 9 ] ISffi©b>XffiS 5 2 5 0fflJfs#gli9 

6. 0 8mmT-fcD, t¥IIMfc©IE8li9 6. 7 1 



T^|g^S(H]ffi©U>X®S 5 2 5©&£»)®{i, &¥ffi 
IM£*fLT48. 7mm©SgSi*WbTV>S„ 3©Sg 

mt.am¥m<D¥fr<z>WLm£<Ditm± 1 . ot-^s© 

3. 

[0 0 7 0] *(&;*Jfc7Wl*'&Att£T*[H]ffi©l/>X® 
S 5 2 1 CXW^t, &SS&©iRil£'i>fc < 
£, HIffll/>XIS.5 2 K±^¥MIMtC^fbTT-# 

a^itn^tEa-ra. G3ffi©u->x®s 5 2 i©n^ 

*>?>©^¥® IM©^88£:, EOT©U->XBS 5 2 1 © 
ft*iNS0Rfflfc©Jt*fctl . OlT-afe-So 

[0 0 7 1] i|i^;^©ifc:-AJ:, 0 5 ©RE MA 
-*M03U>X5 0 9©Stf-Ahffl^li^(i0 6 IC(4IE 
©^fFttSlC^Tfl^T-^tVCt^o C*t(i±T© 
#»flS;*-e± 0. 5mrad*It$2i, 

[0 0 7 2] E7(i, C©«-Ctt2fl©:5teS7 17t7 
17* *DU V^5 7-f»W*8i7 

1 5©sisiisj&fli©«ii»&ia-r-$.s. *»7 1 7 

T, ^tCDU VU— tfS fefiVU VI/- tf£{£fl§-f £C 
Cfttt^J^JSiSfil 9 3nmffl©ArF-U 
—If, 1 5 7 nmfflfflFj-U- tf, 1 2 6 nmfflfflA 
r 2 - V— if, 33<fct/ 10 9 nmffl©N e F - b— IfT* 
feSo K-A4M?17 1 9£<fcoT, ¥*T&:>fcm# 
£*K£ft, ««*4*»5**f«?7 2 llCAft-f-So 
»»*t*»S***« : F7 2 lfcUT(4> Wittfll«fS 

>X7 2 3©«fc¥ffl, Sfc{±^©fi^lC&ai-5o fcf 
il/>X7 2 3®^t)I7 2 5toX'l£&?m?fre>£.m 
ZtlZftMftm&SnZo Mtl/>X7 2 3lt 
7 2 Sffl^Otefl^^b^Sfcto^X-AtttJU 
>XhUTt£ft-f -3Ci:#T-§3o ftffifCte^Tigl&nJ 
tlfc 2<@©TdrvrJ > • U>X£i&!)®7 2 5 ©fitiiufc 

fiX-r-5C^tT-t5. C©4; -5 &X— A • T^y^Vj} 
%U>XJi K-f y&flFH*0*$4 4 4 1 9 4 7 A 

■TSV>t>i9>5 4filffiW**»nItBt-r5. )tftlU>X7 2 
3©®E0S7 2 5tt»iE3>7 t >t7 2 7©X^J®X-«> 
5. ®^zi>7 ; >if 7 2 7ffltB*fflffl3£^iC{iRgW^± 

(4, ctvlciDxT^^^ 7 2 9, g=fc(ia3!7-r 

2 7©&ciifa i<Dftpm#voi'>z7 0 iA5|a^j$tL 
•rl^So H7©n 1 {r^fjsrss^ tea, @iffl#st 

^t7 0 OiiDX-fc^S-ff 4^bT*S» c:ti?>©^ 
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>xp7 o 3 tm2 i>>zmt<D?3izit. itmi i 7& 

tft^l 3 1 #{£MUT^3. iLfi<frV>ft% 

-5 0 4*ft(D^«7 3 1 STfflI2ffl^M7 3 
7©£T©^K£iifglffl:*^7}«i7 3 5 t&Wt^X 
^'r>aftl©#IffWUTS5. T- £ 3 £ It & 
%<M«*tl5,J;7L #ftH©¥ffi 7 3 3 T-jg3i 

©¥®7 3 3T-Klt£ftS^£:ftmAitffiC*fbTS 

oTji^^nso %m.i i 7*sjfi^^^{i^i^4^ 

3"*v«, 3tI7 1 7©|S]t^^to-a-SCi:{cJ;^T<l^ 

MrtJCti. &&tt®\s>X7 4 1JC£oT'7^7 4 3 
tc^$n2.u^-^;u7 3 9 A^SE-TSo U^;U7 3 
S-fe^^VN? 4 3<fc«£HgM (H^*-T) ±CEM£tl 
Tl^So C(DSiSICJ;-ptWfi';i'7 3 9tOx;\ 
7 4 3 J:4Stt^5, ^t>® • v^Aft 
1/f i';^ 3 9 t->xy\7 4 3 tl±fiEM«JU>X 

[0 0 7 3] E7C8lB8B«]t©^^UfcS^»^U>X 

§119 9 42 281. 8*f®, 0 2C^bfcfiM 

tH-T*S/X5 l A7 s -^J±H'f y»fflFW«»S5 1 9 9 
4 2 2 8 1 . 8f©Sl fcfB«3*tT#»>, 
i:l/>XL10 1©Mi:©S»i4 9. 2 8 8 5mm 
T-feS, ^7.7- h=r— ?A J *frttSIH©gl {CfB«*nt 
BlO»ll«jt«(il/>X7 1 0©t>J:*HSI4, 
fi«»»U>X7 4 l©«fc-££-A©£|JK#;7f;fCj& 

0 l©r>fc*n»i:OfflS***8 4 5 t 
ITTnUT^S. i^iiliiO. 4mr 

ammttm u >x 7 0 1 z&mttm u >x 7 4 1 tsgjfc 

$t5CttJ:oT> fiKMftl'>X7 4 1 tiStt-Stt 
i: *1R^©^®1RH4 « L < ^SMiEt" # rTIBT 

[0 0 7 4] i 9 n U V ^7 7 -f assess 

9 1 5©^2HJSJ&S8ffl«B&0-r-feS. 0 7£*t/5lT5 
^flii9t-^, i7©i?l: 2 0 0 4SDx.fe|B]U#M 

©IKB^4#^$nfcV^o UfrU ^2^«lt(i> it 

So «SiJK3>7 ; >-9-i3 c fclF^|iJJg^U>X©ft*5!3 

? □ y v {^7 7 -f ttKS^B 9 1 5 
iftftSS'JOJlfi^JR^ 9 4 7 fc, 2>yXU >X*ff3b> 



X9 4 9 t> ^7X#9 5 T^=f>^19 5 3 
fc. ST7X*>*8«9 5 3*U*-*;i/9 3 9 ClSffc-j- 
SREMA-^U>X9 0 9 t&m*.T^Zo C©<fc 
3fcJHSt*tt K-f y«r*lFWiM«£ 1 9 5 2 0 5 6 3 
Alt (*HUliSS*S0 9/3 1 5 2 6 7t) tfB 
®£tlTV>3o d©*£\ REMA-*f$|l/>X9 0 9 
iil50EEMA-»l/>X3 0 9 fci-^D, 
© •> * t 1 A =r — *> it A 3 tC f 3tt $ tl T V > 3 . 
[0 0 7 5] J}^?.m9 5 lt±, |if7X#9 5 1 ©A 
8tffi9 5 5|*)£#7*#9 5 1 P"3©fi»S]ftKJ6l;-Cfi 
3B©-*3taS*SfeJ5£-rs. CiX*SREMA-*f«!)U>X 

9 o 9G>mift#m*Mai>>x9 1 ltict^t^n 

So (5^©-*7taS©^(iiK!3®APE|*ItC 
«¥®IM©35GlClBffll;*tia. »14NBI«*r 
iV>X9 1 l#«IKlSJirtfc**Aitt>'i:**tt»>ffi 
APE'sfcSffcTS— ;ST!, ^7^#©g^SggSfiltSI 
IB I, U>XL 35tL36 fc©IH© 
««C»fift*n*. REMA-»«U>X9 0 9tt**J 

f±, 1/>XL3 5£iR»>BJAPEcD5E#fc:EBU - 
7?, b>XL 3 5 fcL 3 6 k©^^3S7>(CA§^^PS$: 

YbzkUffl J: a fc tr- a CMt5»tt A 5 * *»»*€6ffl r 
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(54) SPLIT TYPE OBJECTIVE LENS FOR ILLUMINATION SYSTEM 
(57)Abstract: 

PROBLEM TO BE SOLVED: To realize the action of a main beam angle on the image 
plane of a split type objective lens over a wide area. 

SOLUTION: This split type objective lens (l) having an optical axis(OA) for irradiating 
image field in the illuminator of a 'microlithographic projection exposure device is 
arranged between an aperture surface (APE) and the image plane (IM). The lens (l) 
includes a 1st lens group (3) and a lens (L15) having a 1st aspherical lens surface (Sill). 
A 2nd lens group (5) is equipped with at least one 1st lens (L15) having negative 
refractive power and at least one 2nd lens (L14) having positive refractive power. The 
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maximum field height Yimmax in the image field is at least 40 mm, while a numerical 
aperture on an image side is at least 0.15. A main beam has field height Yim and the 
main beam angle PF in the image field. 



CLAIMS 



[Claim(s)] 

[Claim l] It is the division form objective lens (1,301,501) which has an optical axis (OA) 
for irradiating an image vision field in the irradiation equipment of a micro lithography 
projection aligner. Said division form objective lens (1,301,501) is arranged between a 
diaphragm side (APE) and an image plane (IM). The flux of light which has the one 
main beam from said drawing side (APE), respectively is emitted. The intersection of 
said main beam and said optical axis (OA) has estranged only a maximum of 10% of 
distance of the diameter of said drawing side (APE). And said division form objective 
lens (1,301,501) contains the 1st lens group (3,303,503) and the 2nd lens group 
(5,305,505). Within said 1st lens group (3,303,503) The radiation height in the lens side 
of the main beam (HS) of the outermost part which penetrates said drawing side (APE) 
with the maximum include angle to said optical axis (OA) numerically The main beam is 
lower than the marginal ray (RS) which makes the boundary of the flux of light which 
progresses in accordance with said optical axis (OA). On the other hand, within said 2nd 
lens group (5,305,505) The radiation height in the lens side of the outermost main beam 
(HS) numerically Are higher than said marginal ray (RS). And said 2nd lens group 
(5,305,505) It has the lens (L15, L39, L510) which has the 1st lens side (Sill, S320, 
S523) of the aspheric surface. Said 2nd lens group (5,305,505) 1st at least one lens 
which has negative refractive power (L15, L39, L51l), It has 2nd at least one lens (L14, 
L38, L58) which has forward refractive power. Said image vision Nouchi's maximum 
visual field height Yimmax It is at least 40mm. And the numerical aperture by the side 
of an image is at least 0.15, and said main beam of said image vision Nouchi has the 
visual field height Yim. And the distribution covering [ in between the field normal of 
said image plane (IM), and each main beam ] said visual field height Yim of nothing, and 
main beam angle PF for main beam angle PF It is shown as follows by the pupil 
function PF (Yim) which consists of a straight-line part and a nonlinear part. PF(Yim) 
=cl and Yim+PFNL (Yim), however cl are equivalent to the inclination of the pupil 
function in the case of being visual field height Yim=0mm. The nonlinear part PFNL in 
forward maximum visual field height Yimmax (Yim) is a division form objective lens 
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characterized by being +15mrd at least. 

[Claim 2] Said 1st lens (L15, L39, L511) is a division form objective lens according to 
claim 1 characterized by having the lens side (S112, S321, S525) which is a concave 
surface to said image plane (IM). 

[Claim 3] The ratio of said radius of curvature [ as opposed to / have the radius of 
curvature and lens diameter of a lens side (S112, S321, S525) which are said concave 
surface, and / the lens diameter ] is a division form objective lens according to claim 2 
which is less than 0.8 suitably less than 1.0. 

[Claim 4] Said 1st lens (L39, L511) is a division form objective lens given in claim 2 
characterized by being a meniscus lens thru/or any 1 term of 3. 

[Claim 5] The lens of others which have optical refractive power in the direction of 
radiation to said 1st lens (L15, L39, L511) is a division form objective lens given in claim 
2 characterized by not being arranged thru/or any 1 term of 4. 

[Claim 6] It is the division form objective lens according to claim 5 which has the 
distance from said image plane QM) to the top-most vertices of the lens side (S112, S321, 
S525) of said concave surface, and the numeric value of the radius of curvature of the 
lens side (S112, S321, S525) of said concave surface, and is characterized by the ratio of 
said distance and said numeric value being a value between 0.7 and 1.3. 
[Claim 7] The 1st distance from said image plane (IM) to the top-most vertices of the 
lens side (S112, S321, S525) of said concave surface, The 2nd distance specified in the 
one half of the radius of curvature of the lens side (S112, S321, S525) of the concave 
surface, It is a division form objective lens given in any 1 term of claims 5 and 6 which 
have the difference of said 1st distance and said 2nd distance, and are characterized by 
the ratio of said difference and said 2nd distance being 0.3 or more. 
[Claim 8] Said image plane QM) and the lens side of said 2nd lens group (5,305,505) 
carry out partial reflection of the incident beam. The main beam (HS) of said outermost 
part And after reflection in said image plane (IM), And after reflecting in respect of the 
lens of said 2nd lens group (5,305,505), it is said maximum visual field height Yimmax 
in said image plane (IM). Division form objective lens given in claim 1 characterized by 
having the radiation height which is at least 30% thru/or any 1 term of 7. 
[Claim 9] Said top most vertices of the field where the lens side (Sill, S320, S523) of 
said aspheric surface is irradiated to the 1st lens side (Sill, S320, S523) of said 
aspheric surface, And it has deflection in perpendicular height around said to the 
envelope spherical surface which intersects the lens side (Sill, S320, S523) of said 
aspheric surface. The numeric value of the muximum departure of the perpendicular 
height is a division form objective lens given in claim 1 suitably characterized by being 
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at least 0.4mm at least 0.2mm thru/or any 1 term of 8. 

[Claim 10] It is a division form objective lens given in claim 1 characterized by having 
the working distance by the side of the image which is at least 40mm suitably at least 
30mm thru/or any 1 term of 9. 

[Claim 11] Forward maximum visual field height Yimmax The nonlinear part PFNL 
(Yim) is a division form objective lens given in claim 1 characterized by being +25mrad 
at least thru/or any 1 term of 10. 

[Claim 12] At least one another lens (L58) of said 2nd lens group (505) is a division form 
objective lens given in claim 1 characterized by having the 2nd lens side (S518) of the 
aspheric surface thru/or any 1 term of 11. 

[Claim 13] Said top-most vertices of the field where the 2nd lens side (S518) of this 
aspheric surface is irradiated to the 2nd lens side (S518) of said aspheric surface, And it 
has deflection in perpendicular height around said to the envelope spherical surface 
which intersects the 2nd lens side (S518) of said aspheric surface. The numeric value of 
the muximum departure of this perpendicular height is a division form objective lens 
according to claim 12 suitably characterized by being at least 0.4mm at least 0.2mm. 
[Claim 14] The ratio of said nonlinear part PFNL to said straight-line partial cl and 
Yimmax (Yimmax) is a division form objective lens given in claim 1 characterized by 
being in the range of -0.5 to -2.0 thru/or any 1 term of 13 about maximum visual field 
height Yimmax. 

[Claim 15] All the flux of lights with which the numerical aperture by the side of said 
image is filled completely generate the spot image of one each which has a diameter in 
said image plane (IM) of said image vision Nouchi, and the diameter at the maximum 
equator of all spot images is said maximum visual field height Yimmax. Division form 
objective lens given in claim 1 characterized by being 2% thru/or any 1 term of 14. 
[Claim 16] Said 2nd lens (L14, L38, L58) which has forward refractive power is a 
division form objective lens given in claim 1 characterized by being a meniscus lens 
thru/or any 1 term of 15. 

[Claim 17] Said 2nd lens group (5,305,505) is a division form objective lens given in 
claim 1 characterized by having three pieces which have a final focal distance thru/or 
five lenses thru/or any 1 term of 16. 

[Claim 18] Said 2nd lens group (5,505) is a division form objective lens given in claim 1 
characterized by having a biconvex lens (L13, L510) thru/or any 1 term of 17. 
[Claim 19] The 1st division form objective lens which was a RE MA -objective lens (309 
509) for carrying out image formation of the body visual field to an image vision field, 
extracted as the body flat surface (OBJ) and has been arranged between fields (APE) 



-4- 



(311 511), The 2nd division form objective lens (301 501) of a publication is included in 
at least 1 term of said claim arranged between said drawing sides (APE) and said image 
planes (IM). Said 1st division form objective lens (311 511), It has an optical axis (OA) 
with said common 2nd division form objective lens (301 501). The main beam emitted 
from said body visual field intersects said optical axis (OA) in the field of said drawing 
side (APE). And said REMA-objective lens (309 509) is a REMA-objective lens 
characterized by expanding said body visual field by 3 times thru/or 8 times, and 
carrying out image formation to said image vision field in said image plane GM). 
[Claim 20] It emits from the point inside said body visual field, and each flux of light 
with which the numerical aperture by the side of an image is completely filled in said 
image plane (IM) generates a spot image in said exposure side, and the diameter at the 
maximum equator of the spot image is said maximum visual field height Yimmax. 
REMA-objective lens according to claim 19 characterized by being 2%. 
[Claim 21] Said main beam is a REMA-objective lens given in any 1 term of claims 19 
and 20 characterized by emanating to a tele cent rucksack from said body flat surface 
(OBJ). 

[Claim 22] It is a REMA-objective lens given in claim 19 which the main beam and the 
heavy beam of high energy have angle deflection, and are given between the heavy 
beam of high energy, and said main beam for every visual field height Yim in said image 
plane (IM), and is characterized by the less than 2 mrads of the maximum angle 
deflection of all visual field height being less than 1 mrad suitably thru/or any 1 term of 
21. 

[Claim 23] The irradiation equipment which is a micro lithography projection aligner 
(715 915), and has the division form objective lens (701 901) of a publication in at least 1 
term of said claim, The image vision field in an image plane is equipped with the 
projection objective lens (741 941) which carries out image formation of the body visual 
field within a body flat surface. This projection objective lens (741 941) has the objective 
lens pupil function [ body / which is produced as distribution of the objective lens main 
beam angle covering the body height inside the body visual field ]. It has an optical axis 
(OA) with said common division form objective lens (701 901) and said projection 
objective lens (741 941). While being in the flat surface where said image plane (IM) of 
said division form objective lens (701 901) and said body visual field of said projection 
objective lens (741 941) are common The deflection of the pupil function of said division 
form objective lens and the body side objective lens-pupil function of all the visual field 
height inside said image vision field of said objective lens (701 901) is a micro 
lithography projection aligner suitably characterized by being [ less than 2 mrad ] less 
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than 1 mrad. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the irradiation equipment of the micro 
lithography projection aligner which has the division form objective lens within the 
illuminating system of the irradiation equipment of a micro lithography projection 
aligner, the REMA objective lens equipped with such an objective lens, and such an 
objective lens. 
[0002] 

[Description of the Prior Art] The division form objective lens contains the 1st lens 
group and the 2nd lens group which have been arranged between a diaphragm side and 
an image plane, and the image vision field which should be irradiated is in said image 
plane. In that case, a component part is arranged centering on an optical axis at axial 
symmetry. Carrying out incidence of the flux of light which passes through a drawing 
side and has the one main beam, respectively to a division form objective lens, the main 
beam intersects an optical axis in the field of a diaphragm side. The shaft-orientations 
distance of the intersection of the main beam and an optical axis is a maximum of 10% 
of the diameter of a diaphragm in that case. Distribution of the shaft orientations of an 
intersection is influenced by the aberration of the pupil image formation induced with 
the optical- system components arranged in front of a division form objective lens. Pupil 
image formation is the image formation between pupil sides here. Incidence of the main 
beam of the outermost part which extracts at an angle of the maximum to an optical 
axis, and penetrates a field is carried out to the surrounding image plane of an image 
vision field. The flux of fights to which the main beam advances in accordance with an 
optical axis gather in the core. The 1st lens group contains the lens with the radiation 
height lower than the perimeter beam of the core of the flux of light in the lens side of 
the outermost main beam in that case. The 2nd lens group contains the lens with the 
radiation height higher than the perimeter beam of the core of the flux of light in the 
lens side of the outermost main beam. The lens of the 2nd lens group is equipped with 
the lens side of the aspheric surface in that case. 

[0003] DD292 The micro lithography projection aligner equipped with the division form 
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objective lens of same class from No. 727 between the radial fin type capacitor inside 
irradiation equipment and the mask which supports the structured division is 
well-known. A projection objective lens is arranged in the optical path after the mask 
which supports the structured division, and the lens carries out image formation on a 
sensitization substrate with the diffraction which had the mask which supports the 
structured division limited. The 1st lens group of a division form objective lens is the 
East Germany patent specification 292nd. It is equivalent to the collimator of No. 727, 
and the 2nd lens group is equivalent to the field lens which consists of one lens. In that 
case, the field lens exerted the operation on the angular distribution of the main beam 
in the image plane of a division form objective lens, and in order to make it the image 
plane of a projection objective lens mostly irradiated by the tele cent rucksack, it is 
equipped with the amendment side of the aspheric surface. The aberration of the pupil 
image formation between the drawing side of a division form objective lens and the 
drawing side of a projection objective lens decreases according to the amendment side of 
the aspheric surface. DD292 Since the field lens consists only of a single lens which has 
forward refractive power, that possibility of amending pupil image formation is limited 
has the fault of the configuration of No. 727. Moreover, with this operation gestalt, the 
numerical aperture by the side of an image is slight, or it is 0.04, and the maximum 
visual field height is 71.75mm. 

[0004] DE195 48 805 Al No. (U.S. Pat. No. 5,982,558) and DE196 53 983 The so-called 
REMA-objective lens is well-known for this applicant from Al No. (the United States 
patent application 09th / No. 125621). A REMA-objective lens is attached just before the 
mask which supports the structured division with a micro lithography projection aligner, 
and the so-called reticle. This lens carries out image formation also of the circumference 
part for masking equipment and the so-called REMA(reticle masking)-blade sharply on 
a reticle. AREMA-blade can be equipped with the mechanical edge which can usually be 
adjusted, and can change the magnitude of the body visual field of a consecutive 
REMA-objective lens by it. DE 19548 805 An Al No. operation gestalt is DE196 while 
having indicated the REMA-objective lens which has a pure spherical lens. 53 983 In Al 
No., in order to cut down the number of lenses inside a REMA-objective lens, it has 
proposed using an aspheric lens. In this case, -the field lens section of a REMA-objective 
lens makes it adapted with the angular distribution of the main beam of the projection 
objective lens of consecutiveness to the angular distribution of the main beam of a 
REMA-objective lens so that a continuous beam advance may be attained between said 
REMA-objective lenses and projection objective lenses. 

[0005] EP0 811 865 Al No. is indicating the division form objective lens arranged 
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between a diaphragm side and an image plane. In this case, not a reticle but the 
masking equipment by which image formation is carried out to a reticle with a 
consecutive objective lens is arranged in the image plane of a division form objective 
lens. Therefore, a division form objective lens does not exert a direct operation on 
distribution of the main beam angle on the intersection between irradiation equipment 
and a consecutive projection objective lens. 

[0006] With a new style projection objective lens, the magnitude of the structured 
division can manufacture the components of a less than 0.2-micrometer microstructure. 
Thus, in order to attain advanced resolution, 248nm especially of projection objective 
lenses operates on the wavelength of 157nm, not to mention 193nm or it, and the 
numerical aperture by the side of an image is 0.65 or more. The diameter of an image 
vision field is 20mm or more partially at coincidence. Therefore, the demand criteria 
over the optimal design of such a projection objective lens are considerable. It is 
necessary besides carrying out visual field image formation of the reticle on a 
photosensitive Substrate, i.e., the so-called wafer, to also amend pupil image formation. 
Then, the anterior part objective lens of the projection objective lens which extracted as 
the body flat surface and has been arranged between fields exerts an operation on the 
image formation of the entrance pupil on a diaphragm side, and, on the other hand, the 
posterior part objective lens arranged between a diaphragm side and an image plane 
exerts an operation on the image formation of the drawing side on an exit pupil. In that 
case, the aberration of the pupil image formation of a projection objective lens shows 
distribution of the main beam angle within the body flat surface of a projection objective 
lens. 
[0007] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to offer the 
division form objective lens of the class stated to the beginning which enables an 
operation of the main beam angle in the image plane of a division form objective lens 
over a large field. It is necessary to amend the aberration of the pupil image formation 
which can be especially carried out with the anterior part objective lens of a consecutive 
projection objective lens. 
[0008] 

[Means for Solving the Problem] The above-mentioned technical problem is attained by 
the division form objective lens given in the 1st term of a patent claim. The special 
embodiment of this invention is indicated by the 23rd term from the 2nd term of a 
dependent claim. The 18th term is related with the REMA-objective lens with which the 
19th term of a patent claim to the 22nd term attached said division form objective lens 
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about the division form objective lens by this invention from the 1st term of a patent 
claim. The embodiment which uses the division form objective lens by this invention 
with a micro lithography projection aligner is indicated by the 23rd term of a patent 
claim. 

[0009] It can express as an expansion-into-series type which states odd and has **, the 
distribution, i.e., so-called pupil function, of main beam angle PF covering the visual 
field height Yim in the image plane of the division form objective lens by this invention. 
This polynomial is as follows. 
[Equation l] 

PF(Y^) = £c D -Y£(n = 1,3,5, 7,9...). (1) 

a 

[0010] It is defined as main beam angle PF which is the include angle which the field 
normal and each main beam of an image plane make being negative in the direction of a 
clockwise rotation. Since it is a symmetry form, the pupil function of the optical system 
of axial symmetry does not have the part accompanied by even number **** centering 
on the optical axis. The same shaft-orientations location of an exit pupil, i.e., a **** exit 
pupil, will be generated for every visual field height Yim, when there is no aberration of 
pupil image formation in the illuminating system in the image plane of the division 
form objective lens by this invention. Since all the main beams cross by one on an 
optical axis in the case of a **** exit pupil, only linear relation exists between the visual 
field height Yim and the tangent of the include angle for every main beam. Like [ in 
following ], if the main beam angle is small, the tangent of the main beam angle can 
carry out a direct approximation calculation with an include angle. In the case of a **** 
pupil, a pupil function has only the straight-line part cl and Yim, and a multiplier cl is 
equivalent to the inclination in Yim=0mm here. However, the shaft-orientations 
location of an exit pupil changes with aberration of pupil image formation in each visual 
field height. The location of the exit pupil influenced by the visual field is expressed by 
the following nonlinear parts of a pupil function. 
[Equation 2] 

PFnlO^) = * (n =3,5,7,9...). (2) 

n 

[0011] A high order part corresponds to the spherical-angle aberration of pupil image 
formation by that time, therefore spherical aberration is expressed as angle aberration. 
Since insufficient amendment of the optical system which has forward refractive power 
is usually carried out by the spherical surface without a special amendment means, the 
nonlinear part PFNL of a pupil function in case visual field height is forward is negative. 
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In contrast with it, the pupil function of the division form objective lens of this invention 
has the nonlinear part PFIML which is forward clearly, when visual field height is 
forward. The nonlinear part PFNL to the main beam angle in case visual field height is 
the highest (Yimmax) is +15mrad at least. Therefore, a division form objective lens 
brings about strong fault amendment of the spherical aberration of pupil image 
formation. Therefore, since insufficient amendment of the consecutive division form 
objective lens can be carried out by it by the spherical surface about pupil image 
formation, as a result this can exclude the amendment means in a projection objective 
lens, it is advantageous. It is because the quality standard as which that reason is 
required of the optical element in a projection objective lens is clearly higher than the 
criteria of the optical- axis component within illuminating system although it is still 
more suitable when this amendment means is stored in illuminating system. A 
diameter is at least 80mm and the division form objective lens of this invention attains 
the above-mentioned fault amendment in the image vision field whose numerical 
aperture by the side of an image is at least 0.15. The numerical aperture by the side of 
an image is the numerical aperture in a possible image plane by the maximum 
diaphragm diameter of a division form objective lens here. The photoconduction value 
defined by the product of the diameter of an image vision field and the numerical 
aperture by the side of an image is at least 12mm. When the 2nd lens group of the 
division form objective lens of this invention consists of at least two lenses, fault 
amendment of the spherical aberration of pupil image formation can be attained, in that 
case, the 1st lens has negative refractive power and the 2nd lens has forward refractive 
power. 

[0012] The 1st lens which has negative refractive power is equipped with the lens side 
which is concave to the image plane, as a result it is advantageous to especially 
amendment of the spherical aberration of pupil image formation in the radius of 
curvature of this flat surface being forward. 

[0013] It is suitable that the ratio of the radius of curvature of a concave lens side and a 
lens diameter is less than 0.8 suitably less than 1.0. The minimum of this ratio is the 
value of 0.5 which produces a semi-sphere. According to the lens side of the concave 
surface which curved strongly, the incident angle to said lens side of the main beam of 
the pixel estranged distantly [ shaft ] becomes large, as a result it contributes greatly by 
fault amendment of the spherical aberration of pupil image formation. 
[0014] The 1st lens which has negative refractive power is suitably constituted as a 
meniscus. In the case of a meniscus lens, the sign of the top most-vertices radius of a 
front face and a rear face is forward. 
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[0015] It will be necessary to arrange the 1st lens which has negative refractive power 
in that case near the image plane as much as possible. It can have the balancing plane 
of a free configuration, for example, even as for a plane -parallel plate like a filter or a 
projection plate, it is advantageous that other optical elements are not arranged in the 
optical path between the 1st lens and an image plane. 

[0016] In order to amend visual field image formation, i.e., the image formation of the 
flux of light in an image plane, it is advantageous that the lens side of the concave 
surface of the 1st lens is a flat surface of this alignment mostly to an image plane. In 
this case, incidence of the main flux of light with a small incident angle is carried out to 
a concave lens side. This is attained when the ratio of spacing of the image plane from 
the top-most vertices of the lens side of the concave surface to the numeric value of the 
radius of curvature of a concave lens side is from 0.7 to 1.3. While carrying out incidence 
without refracting the beam of the main flux of light mostly according to the lens side of 
this alignment to an image plane, the incident angle of the flux of light of a pixel which 
separated distantly [ shaft ] becomes large. Therefore, said flat surface can be used ideal 
to correct distortion of the image influenced by the visual field, and, on the other hand, 
the main flux of light does not need to be influenced mostly. 

[0017] When the 1st lens which has a concave lens flat surface to an image plane, and 
the lens of others which have optical refractive power between image planes do not exist, 
the value of the one half of the radius of curvature of a concave lens side is more clearly 
[ than the distance from the image plane of the top -most vertices of a concave lens side ] 
large, or a small thing is advantageous. Usually, if the reticle which then, the flux of 
light which carried out incidence reflects again in a division form objective lens is in an 
image plane, the above-mentioned demand criteria over the radius of curvature of a 
concave lens side will be met. Since the flat surface of each optical system itself carries 
out residents reflection in an acid-resisting layer, the beam of light reflected from a 
mask is re -reflected in the direction of a mask in respect of a concave lens to an image 
plane. When the exposure of a mask is a tele cent rucksack mostly, if the image plane 
has estranged with the focal distance of the lens side of the concave surface which acts 
as a mirror, active jamming reflection will arise. The focal distance of a concave mirror 
is prescribed by the value of the one half of radius of curvature. When the difference of 
spacing of the lens side of the concave surface from an image plane and a focal distance 
is larger than the numeric value which carried out the multiplication of a focal distance 
and the multiplier 0.3, active jamming reflection can be disregarded. 
[0018] Also in flat surface where the minimization of active jamming reflection of the 
2nd lens group is another, it is taken into consideration. In order to make it active 
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jamming reflection not arise between a reticle and the lens side of the 2nd lens group, 
the 2nd RENGU group is constituted so that the main beam of the outermost part which 
extracts at an angle of the maximum [ to an optical axis ], and penetrates a field may 
extract, and it may have at least 30% of radiation height of maximum visual field height 
Yimmax in an image plane after reflecting [ reflection in a field, and ] in respect of the 
lens of the 2nd lens group. If this has the fixed refractive power of a division form 
objective lens, change of whenever [ curve / of a lens side ] can attain it. Therefore, since 
the intersection of the outermost main beam and an image plane marks 50% of active 
jamming reflection, the main beam of said outermost part relates to evaluation of active 
jamming reflection. However, clear active jamming reflection will occur, since the flux of 
light which all the parts of others of the main beam also intersected the image plane, 
and reflected them twice in this field carries out incidence of the optical axis to a field 
narrow as a core when the outermost main beam intersects the image plane of the field 
of an optical axis. 

[0019] The description of the lens side of the 1st aspheric surface is in the large 
perpendicular high deflection which is 0.4mm suitably at least 0.2mm to the envelope 
spherical surface. Thus, that aspheric surface nature is high is one amendment means 
by which I accept it in order to make fault correction of the spherical aberration of pupil 
image formation. The definition of perpendicular quantity is the distance of the lens 
side of the aspheric surface, and the envelope spherical surface in the direction of an 
optical axis. The definition of the envelope spherical surface is the spherical surface 
which has the same top-most vertices as the aspheric surface, and crosses around the 
lens side and exposure field of the aspheric surface. An exposure field is limited by the 
circumference beam of the flux of light of the outermost main beam. 

[0020] Furthermore, the difficulty that the working distance by the side of the image of 
a division form objective lens must be at least 40mm suitably at least 30mm follows on 
the design of a division form objective lens. In that case, the free working distance is 
distance with the top most vertices of an image plane and the optical flat surface of the 
last of a division form objective lens, and when the last optical flat surface is a concave 
surface, only the perpendicular quantity of the highest [ distance / said ] of the last 
optical flat surface is reduced. According to the free working distance, free access to the 
image plane where a reticle usually exists is attained. A reticle must be able to be 
positioned and the equipment for exchanging these must be able to act in this tooth 
space. 

[0021] It becomes possible to carry out fault amendment of the spherical aberration of 
pupil image formation with the division form objective lens based on this invention, so 
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that the nonlinear part PFNL to the main beam angle for forward highest visual field 
height Yimmax (Yimmax) may be -r25mrad at least. 

[0022] Especially this is attained when the 2nd lens group is equipped with the lens side 
of the 2nd aspheric surface. 

[0023] The greatest perpendicular high deflection of the lens side of the 2nd aspheric 
surface from the envelope spherical surface must be larger than 0.2mm as much as 
possible, and is 0.4mm or more suitably. 

[0024] It is suitable for the ratio of said nonlinear part [ as opposed to said straight-line 
partial cl and Yimmax about maximum visual field height Yimmax ] PFNL (Yimmax) 
that it is in the range of -0.5 to -2.0. In that case, by the straight-line part of a pupil 
function, since a partial compensation of the nonlinear part of the highest visual field 
height is attained, when visual field height is forward, the max of the almost same 
magnitude and the minimum main beam angle arise, and if the main beam in this 
visual field height is averaged, it will advance in parallel to an optical axis. The 
straight-line part of a pupil function is adjusted through the paraxial location of an exit 
pupil. 

[0025] A division form objective lens converges the flux of light which carries out 
incidence on the spot image which has the minimum diameter in an image plane other 
than the effect of the spherical aberration of pupil image formation. It is required to 
amend visual field image formation for that purpose. The maximum spot diameter of all 
spot images is 2% of highest visual field height Yimmax advantageously. Since the flux 
of light at the time of opening a diaphragm completely to measuring a spot image and a 
spot diameter is examined, the flux of light irradiates the maximum numerical aperture 
by the side of an image. In that case, a spot layer is obtained by the intersection of the 
beam of the flux of light, and an image plane. As an amendment means, the 1st lens 
group which consists of a meniscus which has forward refractive power suitably, and a 
meniscus which has negative refractive power is mainly used. Additionally, it is suitable 
that the 1st lens group is equipped with the lens side of the aspheric surface. 
[0026] It is suitable, when amending pupil image formation and visual field image 
formation to coincidence as the 2nd lens which has forward refractive power is a 
meniscus. 

[0027] Advantageously, the 2nd lens group amends visual field image formation, and in 
order to carry out fault amendment of the spherical aberration of pupil image formation 
and to guarantee the uniform exposure of an image vision field, it consists of three 
pieces to five lenses. 

[0028] This is possible by arranging a biconcave lens auxiliary in the 2nd lens group 
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especially. 

[0023] The division form objective lens of this invention is advantageously attached in a 
REMA-objective lens, and this REMA-objective lens carries out image formation of the 
body visual field expanded by 8 times from 3 times to image vision Nouchi. In that case, 
the REMA-objective lens consists of the 1st division form objective lens between a body 
flat surface and a diaphragm side, and a division form objective lens of this invention. 
Both division form objective lenses have the common optical axis. The 
REMA-magnification of objective can be adjusted through the ratio of the focal distance 
of the 1st division form objective lens and the 2nd division form objective lens. When 
distortion is in the pupil image formation of the 1st division form objective lens, or the 
pupil image formation of the optic arranged in front of a REMA-objective lens, it is not 
necessary to necessarily extract the main beam injected from a body flat surface, and it 
does not need to intersect a field by one point. 

[0030] Since a REMA-objective lens needs to carry out image formation of the masking 
equipment arranged in the body flat surface on the image plane arranged in a reticle as 
sharply as possible, the spot image of the object point in an image plane has the 
minimum diameter. The diameter at the maximum equator of a spot image is 2% of the 
highest visual field height Yimmax. In order to measure the greatest spot diameter, the 
flux of fight in the greatest drawing opening corresponding to the maximum numerical 
aperture by the side of an image is used. 

[0031] Since the entrance pupil of a REMA-objective lens exists in the infinite distance 
advantageously, the main beam of the flux of light advances in a tele cent rucksack in 
parallel as a result to an optical axis behind a body flat surface. The image formation 
scale of a REMA-objective lens is not influenced by focusing gap of the body which is 
masking equipment in this case with such a means. 

[0032] Besides the main beam formed through pupil image formation, the heavy beam 
of high energy is also important in the image plane of a REMA-objective lens. The heavy 
beam of the high energy of the flux of light expresses the beam produced from the 
equalization covering all the beams of the flux of light examined, and each beam based 
on the exposure of an entrance pupil has the weight of high energy in that case. About 
the visual field height Yim, the direction of a heavy beam where high energy 
corresponds is influenced by the aberration of the REMA-objective lens relevant to the 
exposure of the entrance pupil of a REAMobjective lens. The heavy beam of high 
energy can be defined as the perfect exposure of an entrance pupil, or partial lighting of 
an entrance pupil, and lighting is point symmetry mostly to an optical axis in that case. 
Then, a REMA-objective lens is constituted so that the less than 2 mards of the 
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maximum angle deflection of the heavy beam of the high energy in all visual field height 
and the main beam may be less than 1 mrad suitably. These demand criteria were 
attained by the REMA-objective lens containing eight pieces to 12 lenses which have a 
final focal distance with the demand criteria to visual field image formation and pupil 
image formation, in that case, the 1st division form objective lens was equipped with 
three pieces to five lenses, and the 2nd division form objective lens is equipped with five 
pieces to seven lenses. It is advantageous to use three pieces to the five aspheric 
surfaces additionally. 

[0033] The division form objective lens by this invention is advantageously used for a 
micro lithography projection aligner, and a projection objective lens continues 
immediately after a division form objective lens. The intersection between an 
illumination system and a projection objective lens expresses the image plane of a 
division form objective lens, or the body flat surface of a projection objective lens by it. A 
division form objective lens and a projection objective lens are arranged centering on a 
common optical axis at axial symmetry in that case. In order to ensure continuous 
advance of an illumination system and the flux of light from a projection objective lens, 
distribution of the main beam angle of a division form objective lens must be fitted to 
distribution of the main beam angle of the projection objective lens in an intersection. In 
that case, in all the visual field height of image vision Nouchi of a division form objective 
lens, less than 2 mrads of deflection of the pupil function of a division form objective 
lens and a body objective lens-pupil function are less than 1 mrad suitably 
advantageously. If this condition is fulfilled, a division form objective lens and a 
projection objective lens will form a functional unit about pupil image formation. Since 
the aberration of a projection objective lens can be compensated with a division form 
objective lens, the projection objective lens with which the division form objective lens 
by this invention was applied can correct clear insufficient amendment of the spherical 
aberration of pupil image formation. Optical amendment of a projection objective lens is 
sharply eased by it. 

[0034] Corresponding to it, it is advantageous to use a REMA-objective lens for a micro 
lithography projection aligner, and the REMA-objective lens contains the division form 
objective lens by this invention in that case. 

[0035] Next, this invention is explained to a detail with reference to a drawing. 
[0036] 

[Embodiment of the Invention] The lens section of the division form objective lens 1 by 
this invention is shown in drawing 1 . The beam which forms the boundary of the flux of 
light of the circumference beam RS of the main flux of light, the outermost main beam 
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HS, and the outermost main beam other than a lens is shown. Here, the division form 
objective lens 1 is constituted by the symmetry of revoiution centering on the optical 
axis. System data are indicated in Table 1. With this operation gestalt, Xtal (Si02) 
whose refractive index in the case of lambda= 193. 3nm actuation wavelength is 1.5603 
is used as a lens ingredient. When it is necessary to raise permeability or, and 
wavelength is 157nm or 126nm and a division form objective lens needs to be used, the 
Xtal fluoride can also be used as a lens ingredient. The image vision field whose 
diameter is 116.0mm in an image plane IM is irradiated with the division form objective 
lens 1. The numerical aperture by the side of an image is 0.18. Then, the 
photoconductivity of a division form objective lens is 20.7mm. 

[0037] According to the drawing side APE whose diameter is 187.9mm, the parallel flux 
of light carries out incidence to a division form objective lens, and an image plane IM 
converges on each spot. In an image plane, the maximum spot diameter of all pixels is 
160 micrometers. Especially the magnitude of a spot diameter is specified by 
amendment of image shell and aperture aberration by amendment of visual field image 
formation again. 

[0038] In case incidence of the main beam of the flux of light is carried out to the 
division form objective lens 1 of drawing 1 , it is extracted, and it intersects the optical 
axis OA of the core of Field APE. The include angle to the optical axis of the main beam 
within the drawing side APE is equivalent to the visual field height Yim of the main 
beam in an image plane IM. The maximum angle of the main beam within the drawing 
side APE is 6.3 degrees, and corresponds to visual field height Yimmax which is 58.0mm 
in an image plane IM. The focal distance of the division form objective lens 1 is 
487.7mm. The pupil function PF of the division form objective lens 1 in which the 
angular distribution of the main beam in an image plane are shown (Yim) is shown in 
drawing 2 as a continuous line 27. Since the values of the main beam angle in case 
visual field height is forward are -5.3mrad thru/or +7.9mrad, the main beam ia case 
visual field height is forward is averaged, and advances almost in parallel with an 
optical axis. A pupil function can be developed as a polynomial of a publication to an 
equation (l), and the multiplier is indicated in Table 2. In that case, the first multiplier 
cl corresponds to the inclination of the pupil function in the . case of being Yim=0, and 
shows the location of the exit pupil in the case of being pupil image formation without 
the paraxial location of an exit pupil, or aberration. The 3rd multiplier beyond it shows 
the spherical aberration of pupil image formation. The straight-line part to a pupil 
function is indicated as a broken line 28 accompanied by a square mark by drawing 2 , 
and the nonlinear part is indicated as a broken line 29 accompanied by a triangular 



-16- 




mark. 
[Table l] 
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[0039] Polynomial partial cn-Yimmax which is produced in the case of forward 
maximum visual field height Yimmax=+58.0mm in each degree n is indicated by the 3rd 
train of Table 2. The maximum part of the spherical aberration of the pupil image 
formation in forward maximum visual field height Yimmax is the 3rd part of +24.6mrad. 
The whole nonlinear part is +24.6mrad. Since the nonlinear part in forward visual field 
height has the plus sign, fault amendment of the spherical aberration is carried out 
clearly. In maximum visual field height Yimmax, the ratio of the nonlinear part to a 
straight-line part is -1.48. 

[0040] The division form objective lens 1 consists of the 1st lens group 3 and the 2nd 
lens group 5. The 1st lens group 3 consists of a lens Lll which has forward refractive 
power, and a lens L12 which has negative refractive power. The outermost main beam 
HS advances between an optical axis OA and the circumference beams RS of the main 
flux of light within the lens group 3. Lenses Lll and L12 are equipped with the lens 
sides S102 and S104 of the aspheric surface. It is the meniscus to which the lens side of 
the convex stopped down the lens Lll and the lens L12 and they turned [ meniscus ] to 
the direction of Field APE. The 1st lens group 3 contributes in order to amend visual 
field image formation, as a result to mainly make the spot diameter of a pixel ixtto min. 
[0041] In the case of the lens of the 2nd lens group 5, the circumference beam RS of the 
main flux of light advances between an optical axis OA and the outermost main beams 
HS. Sufficient installation tooth space for attaching a polarization mirror is between the 
1st lens group 3 and the 2nd lens group 5. 90 degrees for example, of exposure optical 
paths can be deflected by the polarization mirror. Or the spectroscope for separating a 
part of exposure beam of light for the measurement purpose can also be attached. If the 
cube spectroscope for polarization is used, the beam of light from two optical channels 
can be piled up almost without a loss [ **** ]. Therefore, the beam of light with which a 
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spectroscope layer when a cube spectroscope deflects 45 degrees polarizes 
perpendicularly to plane of incidence is reflected nearly completely, and on the other 
hand, to plane of incidence, the parallel beam of light is designed so that it may be 
penetrated nearly completely. The example of drawing 7 explains such a configuration 
to a detail more. 

[0042] The 2nd lens group 5 of drawing 1 functions as a field lens which mainly affects 
pupil image formation. Since the distortion in visual field image formation can 
moreover be amended, the luminance distribution in an image plane IM can be made to 
amend and adaptation-ize. In order to meet such demand criteria, the 2nd lens group 5 
consists of a biconvex lens L13 which has forward refractive power, a meniscus L14 
which has forward refractive power, and a lens L15 which has negative refractive power. 
The lens side Sill is a lens side of the aspheric surface, and explanation of the front 
face is indicated in Table 1. Since the radius of the envelope spherical surface which 
intersects the lens side Llll of the aspheric surface by 80.4mm around top most 
vertices and around [ of the field irradiated ] is -2218.4 mm, the deflection of the vacant 
perpendicular quantity of the lens side Sll of the aspheric surface and the envelope 
spherical surface is 0.28mm. 

[0043] The lens L15 which has negative refractive power has the lens side S112 of 
concave to the image plane, and the ratio of radius of curvature and a lens diameter is 
0.75. Since it is the lens of the last which looks at a lens LI 5 from the direction of a 
beam of light, and has the refractive power in front of an image plane IM, the concave 
lens side S112 is arranged just before an image plane IM. The free working distance 
between image planes IM of the last lens L15 is 50.0mm. 

[0044] The free working distance is a field in alignment with an optical axis OA which 
does not have the optical element of a division form objective lens. However, what is 
necessary is just to shift the image plane IM of the division form objective lens 1 to it, 
although it is also possible to attach the projection plate or brightness filter of 
flat-surface parallel after a lens L15. 

[0045] The division form objective lens 1 is usually installed in the irradiation 
equipment of a micro lithography projection aligner just before a reticle. Since a reticle 
re-reflects a part of incident ray into the division form objective lens 1, the lens of the 
2nd lens group 5 is suitably designed so that active jamming reflection may become the 
minimum. The beam of light reflected by the reticle reflecting twice in respect of a lens, 
and reaching a reticle again by it, is attained. It is attained by designing the division 
form objective lens 1 so that making active jamming reflection into the minimum may 
cross on an image plane IM and the outside where an optical axis OA is distant, after 
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the outermost main beam HS reflects twice in respect of a reticle and a lens. The main 
beam HS reflected twice in respect of [ S107 and S112 ] the lens arrives at an image 
plane IM again, and on the other hand, when active jamming reflection arises between 
an image plane and the lens sides S108, S109, SllO, and Sill, the outermost main 
beam does not arrive at an image plane any longer, but it is equivalent to the frame of 
the division form objective lens 1. When active jamming reflection is between an image 
plane and the lens side S107, the outermost main beam intersects an image screen in 
height of 37.3mm. This corresponds to 64.3% of height ratio to maximum visual field 
height Yimmax. When active jamming reflection is between an image plane and the lens 
side S112, the outermost main beam intersects an image screen in height of 107.7mm. 
Since this corresponds to 185.7% of height ratio to maximum visual field height Yimmax, 
the main beam reflected twice on the outside of an image vision field hits an image 
plane IM. 

[0046] When the lens of others which have refractive power does not continue after the 
lens L15, the concave lens side S112 is very important for active jamming reflection to 
an image plane IM. If a tele set rucksack irradiates mostly like the case where an image 
plane IM is this operation gestalt when the distance from the lens side S112 to an image 
plane IM is equal to the one half of the radius of curvature of the lens side S112, the 
beam of light re-reflected in an image plane IM from the body irradiated will converge 
in an image plane IM. On the other hand, since the radius of curvature of the concave 
lens side S112 is 100.7mm and the distance from an image plane IM is 79.7mm, in order 
to calculate active jamming reflection, the distance of the drawing side of the lens side 
Si 12 of the concave surface which functions as a mirror, and an image plane IM is 
29.4mm. Since the ratio of this distance over the one half of radius of curvature is 0.6, 
the effect of the active jamming reflection generated by the case is not particular thing. 
[0047] In order that it may be made for an incident angle to make the concave lens side 
S112 carry out incidence of the small main flux of light and it may lessen aberration of 
visual field image formation, the concave lens side S112 is arranged as much as possible 
to this alignment to an image plane IM. The ratio of the distance from the top-most 
vertices of the concave lens side S112 to an image plane IM and the numeric value of the 
radius of curvature of the concave lens side S112 is 0.79. 

[0048] The lens division form objective lens section of the 1st operation gestalt of the 
REMA objective lens 309 is shown in drawing 3 . The beam which forms the 
circumference beam RS of the main flux of light other than a lens, and forms the flux of 
light of the outermost main beam HS and the outermost main beam HS in a list is 
shown. The REMA-objective lens 309 is constituted by the symmetry of revolution 
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centering on the optical axis OA. System data is indicated in Table 3. with this 
operation gestalt, calcium -fluoride Xtal CaF2 and Xtal (Si02) use it as a lens ingredient 
- having - that refractive index --'a case with an actuation wavelength of lambda= 
193. 3nm - 1.5014 - it is 1.5603 suitably. The number which gave 300 to the reference 
number of drawing 1 shows the component of drawing 3 corresponding to the 
component of drawing 1 . Please refer to explanation of drawing 1 about explanation of 
this component. 

[0049] The REMA- objective lens 309 of drawing 3 carries out image formation of the 
body visual field to an image plane by scale-factor beta=*3.74. This is formed from the 
1st division form objective lens 311 and the 3rd division form objective lens 301, and the 
configuration is the configuration and congener of a division form objective lens of 
drawing 1 . With the REMA-objective lens 309, the image vision field whose diameter is 
116.2mm is irradiated. The numerical aperture by the side of an image is 0.18. Then, 
the photoconductivity of the REMA*objective lens 309 is set to 20.9mm. Since the 
entrance pupil of the REMA-objective lens 309 is in the infinite distance, the main beam 
within the body flat surface OBJ progresses in parallel to an optical axis OA. The pupil 
image formation of the 1st division form objective lens 311 is amended as good as 
possible. In spite of it, by the image vision field curve of the spherical aberration by the 
1st division form objective lens 311, and pupil image formation, the main beam is 
extracted as an optical axis OA, does not cross directly in Field APE, but is influenced 
by the shaft-orientations location to a diaphragm side, and intersects an optical axis. In 
the case of the REMA-objective lens 309 of drawing 3 , the crossing of the main beam 
and an optical axis OA is in a 5.4mm shaft- orientations field. This is equivalent to 2.9% 
of the diaphragm diameter which is 188mm. 

[0050] The flux of light injected from the body flat surface OBJ converges on one spot in 
an image plane IM, respectively. In image vision Nouchi, the diameter at the maximum 
equator of a spot image is 240 micrometers about all pixels. 

[0051] The pupil function of the REMA-objective lens 309 can be developed as a 
polynomial based on an equation (l), and the multiplier is indicated in Table 4. 
[Table 2] 
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[0052] Table 4 shows that the maximum part to the spherical aberration of the pupil 
image formation in forward maximum visual field height Yimmax is the 3rd part which 
is +20.1mrad. Since the whole nonlinear part is +24.1mrad, fault amendment of the 
spherical aberration is carried out clearly. In maximum visual field height Yimmax, the 
ratio to the straight-line part of a nonlinear part is 1.46. 

[0053] The 2nd division form objective lens 301 consists of the 1st lens group 303 and 
the 2nd lens group 305. Lenses L35 and L36 are contained in the 1st lens group 303, a 
lens L35 is a meniscus which has forward refractive power, and a lens L36 is a meniscus 
which has negative refractive power. The concave surface of a meniscus has turned to 
the direction of the diaphragm side APE, respectively. The lens of the 1st lens group 303 
has the lens sides S311 and S313 of the aspheric surface, respectively. 
[0054] The 2nd lens group 305 of the 2nd division form objective lens 301 has forward 
refractive power, and consists of the meniscus L37 the concave lens side turned 
[ meniscus ] to the direction of an image plane IM, a meniscus L38 which it has forward 
refractive power, and the lens side of the concave surface extracted, and turned to the 
direction of Field APE, and a meniscus L39 which it has negative refractive power, and 
the concave surface extracted, and turned to the direction of Field APE. The lens side 
S320 is a lens side of the aspheric surface, and explanation of the front face is indicated 
in Table 3. Since the radius of the envelope spherical surface which crosses the lens side 
S320 of the aspheric surface on the outskirts of top-most vertices and the outskirts of 
the field where the lens side S320 of the aspheric surface is irradiated in height of 
81.1mm is 317.1mm, the maximum perpendicular high deflection between the lens side 
S320 of the aspheric surface and the envelope spherical surface is 0.87mm. 
[0055] The lens L39 which has negative refractive power has the lens side S321 which is 
a concave surface to an image plane IM, and the ratio of the radius of curvature over a 
lens diameter is 0.74. Since a lens L39 is a lens of the last which has the refractive 
power in front of an image plane IM, the concave lens side S321 is arranged just before 
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the image plane IM. The last lens L39 and the free working distance between image 
planes IM are 64.8mm. 

[0056] Since the reticle is arranged in the image plane IM of the REMA-objective lens 
309, the lens of the 2nd lens group 305 of the 2nd division form objective lens 301 must 
be optimized so that active jamming reflection which may be generated between the 
reticle which carries out partial reflection, and the lens side where residual reflection 
remains may be made into the minimum. For active jamming reflection, the lens sides 
S316, S319, S320, and S321 are important, and on the other hand, the outermost main 
beam HS which reflects in respect of a reticle and said lens in the case of the lens sides 
S317 and S318 does not arrive at an image plane any longer, but is equivalent to the 
frame of an objective lens in the inside of the REMA-objective lens 309. When active 
jamming reflection is between an image plane IM and the lens side S316, the main 
beam HS reflected twice intersects an image plane IM in height of 41.9mm. This is 
highest visual field height Yimmax. It is equivalent to 72% of the receiving height ratio. 
When active jamming reflection is between an image plane IM and the lens side S319, 
the main beam HS reflected twice intersects an image plane IM in height of 59.8mm. 
This is highest visual field height Yimmax. It is equivalent to 102.9% of the receiving 
height ratio. When active jamming reflection is between an image plane IM and the lens 
side S320, the main beam HS reflected twice intersects an image plane IM in height of 
83.3mm. This is highest visual field height Yimmax. It is equivalent to 143.4% of the 
receiving height ratio. When active jamming reflection is between an image plane IM 
and the lens side S321, the main beam HS reflected twice intersects an image plane IM 
in height of 158.8mm. This is equivalent to 273.3% of the height ratio to highest visual 
field height Yimmax. 

[0057] Since the radius of curvature of the concave lens side S321 is 101.8mm and the 
distance with an image plane IM is 91.62mm, the drawing side of the lens side S321 of 
the concave surface which functions as a mirror for calculating active jamming 
reflection has the distance of 40.7mm to the image plane IM. Since the ratio of this 
distance and the numeric value of the one half of radius of curvature is 0.8, effect is 
slight even if active jamming reflection arises by the case. 

[0058] In order that the main flux of light may make the concave lens side S 321 carry 
out incidence by few incident angles, as a result may lessen aberration of image image 
formation, the concave lens side S321 is arranged as much as possible to this alignment 
to an image plane IM. The ratio of the distance of the image plane IM from the top most 
vertices of the concave lens side S321 and the numeric value of the radius of curvature 
of the concave lens side S321 is 0.90. 
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[0059] The heavy beam of high energy is not in agreement with the corresponding main 
beam any longer for one pixel with the aberration of the visual field image formation of 
the REMAobjective lens 309. In the body flat surface OBJ, although the heavy beam 
and the main beam of high energy are in agreement for each pixel and advance in 
parallel to an optical axis OA, a difference produces them between the heavy beam of 
high energy, and the main beam as a result of the comatic aberration in the case of the 
pixel of the outside of an optical axis OA, and oblique intersection spherical aberration. 
In that case, the direction of the heavy beam of high energy is influenced by expansion 
of the flux of light within the diaphragm side APE. If the flux of light extracts and Field 
APE is irradiated completely, since comatic aberration is comparatively large, the 
deflection from the main beam of the heavy beam of high energy will become larger 
rather than it is expected in the case of the flux of light which irradiates the diaphragm 
side APE only in the perimeter field of an optical axis OA. Although it becomes 
extremely when the diaphragm side APE carries out the annular exposure of the 
comatic aberration, that reason is that the flux of light has only the outermost opening 
beam in this case. In the case of the REMA objective lens 309 of drawing 3 , comatic 
aberration and oblique intersection spherical aberration are amended so that the 
deflection of whenever [ in the include angle and all the visual field height of a heavy 
beam of high energy at the time of irradiating a diaphragm side completely / main beam 
angle ] may be set to **0.5mrad. The angle deflection in the case of forward visual field 
height is shown to drawing 4 by the continuous line. 

[0060] The piece of a lens division form objective lens of the 2nd operation gestalt of the 
REMA-objective lens 509 is shown in drawing 5 . The beam which turns into the 
circumference beam RS of the main flux of light other than a lens, and turns into the 
flux of light of the outermost main beam and the outermost main beam HS at a list is 
shown. The REMA-objective lens 509 is constituted by the symmetry of revolution 
centering on the optical axis OA. System data is indicated in Table 5. With this 
operation gestalt, Xtal (Si02) is used as a lens ingredient, and, in the case of lambda= 
248. 3nm actuation wavelength, that refractive index is 1.5084. The number which has 
the same reference number as the reference number of drawing 1 , added 500 to the 
component of drawing 1 in drawing 5 , or added 200 to the component of drawing 3 
shows the component of drawing 5 corresponding to the component of drawing 1 and 
drawing 3 . Please refer to explanation of drawing 1 or drawing 3 about explanation of 
this component. 

[0061] The REMA objective lens 509 of drawing 5 carries out image formation of the 
body visual field to an image plane by scale-factor beta= 3.50. This is formed from the 
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1st division form objective lens 511 and the 3rd division form objective lens 501. With 
the REMA-objective lens 509, the image vision field whose diameter is 113.3mm is 
irradiated. The numerical aperture by the side of an image is 0.19. Then, the 
photoconductivity of the REMA-objective lens 509 is 21.5mm, and it is still higher than 
the photoconductivity of the REMA-objective lens 309 of drawing 3 . Since the entrance 
pupil of the REMA-objective lens 509 is in the infinite distance, the main beam within 
the body flat surface OBJ progresses in parallel to an optical axis OA. By the image 
vision field curve of the spherical aberration induced with the 1st division form objective 
lens 511, and pupil image formation, the main beam intersects an optical axis OA in the 
shaft- orientations location to the diaphragm side APE. In the case of the 
REMA-objective lens 509 of drawing 5 , the crossing of the main beam and an optical 
axis OA has estranged only the distance of 8.2mm mutually. This distance is equivalent 
to 3.8% of the diaphragm diameter which is 217.2mm. 

[0062] The flux of light injected from the body flat surface OBJ converges on one spot in 
an image plane 1M, respectively. In image vision Nouchi, the diameter at the maximum 
equator of a spot image is 260 micrometers about all pixels. 

[0063] The pupil function of the REMA-objective lens 509 can be developed as a 
polynomial based on an equation (l), and the multiplier is indicated in Table 6. 
[Table 3] 

[0064] Maximum visual field height Yimmax forward [ Table 6 to ] It turns out that the 
maximum part to the spherical aberration of the pupil image formation of a case is the 
3rd part which is +45.8mrad. Since the whole nonlinear part is +44.5mrad, as compared 
with the 1st operation gestalt of a REMA-objective lens, fault amendment of the 
spherical aberration is carried out strongly still more clearly. In maximum visual field 
height Yimmax, the ratio to the straight- line part of a nonlinear part is -1.47. 
[0065] The 2nd division form objective lens 501 of a REMA-objective lens consists of the 
1st lens group 503 and the 2nd lens group 505. Lenses L56 and L57 are contained in the 
1st lens group 503, a lens L56 is a meniscus which has forward refractive power, and a 
lens L57 is a meniscus which has negative refractive power. The concave surface of a 
meniscus has turned to the direction of the diaphragm side APE, respectively. The lens 
L56 has the lens side S513 of the aspheric surface 

[0066] The 2nd lens group 505 of the 2nd division form objective lens 501 consists of the 
meniscus L58 which it has forward refractive power, and the convex lens side extracted, 
and turned to the direction of Field APE, the meniscus L59 it has forward refractive 
power and the lens side of the convex turned [ meniscus ] to the direction of an image 
plane IM, a biconvex lens L510 which has forward refractive power, and a meniscus 
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L511 which it has negative refractive power, and the convex extracted, and turned to 
the direction of Field APE. The lens side S523 is a lens side of the aspheric surface, and 
explanation of the front face is indicated in Table 5. Since the radius of the envelope 
spherical surface which crosses the lens side S523 of the aspheric surface on the 
outskirts of top-most vertices and the outskirts of the field where the lens side S523 of 
the aspheric surface is irradiated in height of 99.6mm is -238.6mm, the maximum 
perpendicular high deflection between the lens side S523 of the aspheric surface and the 
envelope spherical surface is -1.61mm. The 2nd lens group 505 includes the lens side 
S518 of another aspheric surface so that the fault amendment of the spherical 
aberration of pupil image formation can be carried out sharply. Since the radius of the 
envelope spherical surface which crosses the lens side S518 of the aspheric surface on 
the outskirts of top-most vertices and the outskirts of the field where the lens side 
exposure of the aspheric surface is carried out in height of 109.9mm is 170.1mm, the 
maximum perpendicular high deflection between the lens side S518 of the aspheric 
surface and the envelope spherical surface is 1.66mm. 

[0067] A lens L511 is equipped with the lens side S525 which is a concave surface to an 
image plane IM, and the ratio of the radius of curvature over a lens diameter is 0.70. 
Since the lens L511 which has negative refractive power is a lens of the last which has 
the refractive power in front of an image plane IM, the concave lens side S525 is 
arranged just before the image plane IM. The last lens and the free working distance 
between image planes IM are 67.9mm. 

[0068] The lens of the 2nd lens group 505 of the 2nd division form objective lens 501 
must be optimized so that active jamming reflection may be made into the minimum. In 
the case of the REMA-objective lens 509 of drawing 5 , the lens sides S519, S522, S524, 
and S525 are important for active jamming reflection, on the other hand the outermost 
main beam HS which reflects in respect of a reticle and said lens in the case of the lens 
sides S518, S520, S521, and S523 does not arrive at an image plane any longer. When 
active jamming reflection is between an image plane IM and the lens side S519, the 
outermost main beam HS intersects an image plane IM in height of 40.1mm. This is 
equivalent to 70.9% of the height ratio to highest visual field height Yimmax 56.6mm. 
When active jamming reflection is between an image plane IM and the lens side S522, 
the outermost main beam HS intersects an image plane IM in height of 58.6mm. This is 
highest visual field height Yimmax. It is equivalent to 103.5% of the receiving height 
ratio. When active jamming reflection is between an image plane IM and the lens side 
S524, the outermost main beam HS intersects an image plane IM in height of 52.4mm. 
This is equivalent to 92.6% of the height ratio to highest visual field height Yimmax. 
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When active jamming reflection is between an image plane IM and the lens side S525, 
the outermost main beam HS intersects an image plane IM in height of 180.7mm. This 
is highest visual field height Yimmax. It is equivalent to 319.3% of the receiving height 
ratio. 

[0069] Since the radius of curvature of the concave lens side S525 is 96.08mm and the 
distance with an image plane IM is 96.71mm, the drawing side of the lens side S525 of 
the concave surface which functions as a mirror for calculating active jamming 
reflection has the distance of 48.7mm to the image plane IM. Since the ratio of this 
distance and the numeric value of the one half of radius of curvature is 1.0, effect is 
slight even if active jamming reflection arises by the case. 

[0070] In order that the main flux of light may make the concave lens side S521 carry 
out incidence by few incident angles and may lessen aberration of image image 
formation, the concave lens side S521 is arranged as much as possible to this alignment 
to an image plane IM. The ratio of the distance of the image plane IM from the top-most 
vertices of the concave lens side S521 and the numeric value of the radius of curvature 
of the concave lens side S521 is 1.01. 

[0071] The angle deflection of the heavy beam of high energy and the main beam of the 
REMA objective lens 509 of drawing 5 is shown to drawing 6 by the continuous line 
about forward visual field height. This is less than **0.5 mrads in all visual field height. 
[0072] Drawing 7 is the schematic diagram of the 1st operation gestalt of the micro 
lithography projection aligner 715 equipped with the two light sources 717 and 717' in 
this example. As the light source 717, DUV laser or VUV laser can be used especially, 
and this is the ArF-laser for for example, wavelength 193nm, the F21aser for 157nm, 
the Ar2-laser for 126nm, and the NeF-laser for 109nm. The parallel flux of light is 
generated by the beam generation optical system 719, and incidence is carried out to the 
optical element 721 which raises emissivity according to it. As an optical element 721 
which raises emissivity, diffraction or a refracting-grating component can be used, for 
example. Each grid component generates the flux of light as which angular distribution 
is specified with the expansion coefficient and focal distance of a grid component. A grid 
plate is located in the body flat surface of the consecutive objective lens 723, or its near. 
In the drawing side 725 of an objective lens 723, the flux of light generated from a grid 
component is overlapped. An objective lens 723 can be designed as a zoom objective lens, 
in order to change the rate of an escape of an exposure of the diaphragm side 725. By 
stopping down two movable axicon lenses in accordance with an optical axis, and 
arranging just before a field 725, the annular exposure which is adjustable about 
annular width of face can also be attained. Such a zoom axicon objective lens is the 
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German patent specification 44th. 41 947 It is well-known from Al No. Lighting can be 
changed also by exchanging the component 721 which forms opening. The component 
721 which forms special opening also enables the so-called 4 pole lighting which has 
four distant fields. The drawing side 725 of an objective lens 723 is an input screen of 
the Kushigata capacitor 727. Near the output screen of the Kushigata capacitor 727, the 
drawing side APE of the whole illuminating system is located. In addition to this, in the 
drawing side APE, an exposure is controllable through a mask 729 or a transparency 
filter. After the Kushigata capacitor 727, the division form objective lens 701 of drawing 
1 is arranged. The reference number which added 700 to the reference number of 
drawing 1 is given to the component corresponding to drawing 1 of drawing 7 . Please 
refer to explanation of drawing 1 about explanation of these components. Between the 
1st lens group 703 and the 2nd lens group, the polarization- spectroscope 731 of the cube 
which laps with the optical path emitted from the light source 717 and 717' is located. 
Therefore, all two components of irradiation equipment exist at a time even to the 
cubical spectroscope 731. As compared with the 1st optical- system branching 735, the 
reference number with a dash is given to all the components of the 2nd optical- system 
branching 737 to the cubical spectroscope 731. The beam of light which should be 
penetrated at the flat surface 733 of a spectroscope must polarize within plane of 
incidence, and, on the other hand, the beam of light which should be reflected at the flat 
surface 733 of a spectroscope must polarize perpendicularly to plane of incidence so that 
duplication may be made as without a loss [ **** ] as possible. This is attained by 
arranging a means to make the diaphragm side APE rotate polarization like a 
polarizing filter or lambda/4 plate, or a polarization selection means. If the light source 
717 generates a linear polarization beam of light, a polarization condition can be 
suitably adjusted by doubling the sense of the light source 717. In the image plane IM of 
a division form objective lens, the reticle 739 by which image formation is carried out to 
a wafer 743 with the projection objective lens 741 exists. The reticle 739 and the wafer 
743 are arranged on the supporting structure (not shown). A reticle 739 and a wafer 743 
are exchangeable with this supporting structure. Within the so-called scanner system, a 
reticle 739 and a wafer 743 are moved to a scanning direction according to the image 
formation scale of the projection objective lens 741. 

[0073] German patent specification 199th whose image formation scale is -0.25 for 
[ which accepted to drawing 7 roughly and was shown in it ] projection objective lenses 
42 The projection objective lens shown in drawing 2 of No. 281,8 can be used. The 
system data about this projection objective lens is the German patent specification 
199th. 42 It is indicated in Table 1 of No. 281.8, and the distance of a body flat surface 
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and the top-most vertices of a lens L101 is 49.2885mm. The pupil function of the 
division form objective lens 710 of drawing 1 with which system data is indicated in 
Table 1 of this application fits strictly the angular distribution of the body-main beam of 
the projection objective lens 741. Drawing 8 shows the deflection of a body-main beam 
angle and the pupil function of the division form objective lens 701 as a continuous line 
845. Muximum departure is **0.4mrad. By fitting the division form objective lens 701 to 
the projection objective lens 741, it is possible to carry out insufficient amendment of 
the spherical aberration of the pupil aberration in the projection objective lens 741 
remarkably. 

[0074] <A HREF="/Tokujitu/tjitemdrw.ipdl?N0000=237&N0500=lE_N/;>;<= 

<9:7///&N0001=912&N0552=3&N0553=000019 M TARGET= M tjitemdrw"> drawing 9 is 
the schematic diagram of the 2nd operation gestalt of the micro lithography projection 
aligner 915. The component corresponding to drawing 7 has the same reference number 
with which drawing 9 also added 200 to the component of drawing 7 . Please refer to 
explanation of drawing 7 about explanation of these components. However, with the 2nd 
operation gestalt, the glass rod 951 for homogenizing optical distribution is used. The 
micro lithography projection aligner 915 is equipped with another optical element 947 
which raises emissivity, the coupling objective lens 949, a glass rod 951, masking 
equipment 953, and the REMA-objective lens 909 that carries out image formation of 
this masking equipment 953 to a reticle 939 instead of the Kushigata capacitor and the 
division form objective lens. Such illuminating system is the German patent 
specification 195th. 20 563 It is indicated by Al No. (the U.S. application number 09th / 
No. 315267). In this case, the REMA-objective lens 909 is the same as the 
REMA-objective lens 309 of drawing 5 , and that system data is indicated in Table 3. 
[0075] A glass rod 951 generates the secondary light source of imagination according to 
the count of reflection in a glass rod 951 in the plane of incidence 955 of this glass rod 
951. Image formation of this is carried out with the 1st division form objective lens 911 
of the REMA-objective lens 909. In this case, there is no image of the secondary light 
source of imagination into the diaphragm side APE, and it is de**(ed) in the direction of 
an image plane IM. While the 1st division form objective lens 911 extracts the entrance 
pupil in the infinite distance and carries out image formation to Field APE, image 
formation of the secondary light source of the imagination which estranged only the 
die-length distance of a glass rod is carried out to the field between lenses L35 and L36. 
Advantageously, in order to prevent damage on an ingredient, the REMA-objective lens 
909 is designed in relation to the image of the secondary fight source of imagination, 
and this, so that the flat surface accompanied by strong brightness fluctuation may not 
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lap on a lens. This stops down a lens L35, arranges it near the field APE, and is attained 
by on the other hand taking an opening large enough among lenses L35 and L36. I will 
consider using the ingredient which has the resistance over a beam like the Xtal 
fluoride as a lens ingredient of the location of the image of the secondary light source of 
imagination as other possibility. 

[0076] By the glass rod 951, the rectangular visual field that brightness fluctuation is 
less than 2% is irradiated in the REMA objective lens 909. The REMA objective lens 909 
carries out image formation of the visual field irradiated by this homogeneity on a 
reticle. The exposure distribution on the reticle is not mostly influenced by the exposure 
of the diaphragm side APE which had to be adjusted with the zoom-axicon objective lens 
before. The brightness fluctuation generated by variable aperture exposure is less than 
advantageously. In the case of the REMA objective lens 909, it is [ whether 
brightness fluctuation is slight and ] **0.2%. This is attained by amendment of 
distortion of the image influenced by opening. 

[0077] German patent specification 199th whose image formation scale is -0.25 as a 
projection objective lens which accepted to drawing 9 roughly and was shown in it 42 
The projection objective lens of drawing 8 of No. 281.8 can be used. System data is 
shown in Table 4 of this patent specification, and the distance between a body flat 
surface and a lens L401 is 33.4557mm. The pupil function of the REMA objective lens 
909 fits strictly distribution of the objective lens-main beam angle of the projection 
objective lens 934. Drawing 10 shows the deflection of distribution of an objective 
lens-main beam angle, and the pupil function of a division form objective lens as the 
continuous line 1045. Muximum departure is 0.34mrad(s). 

[0078] Possibility of preparing the illuminating system which can carry out insufficient 
amendment of the spherical aberration of the pupil image formation within a 
consecutive projection objective lens according to the above-mentioned operation gestalt 
was shown. It is possible to exclude the amendment means in a projection objective lens 
by it. 
[Table 4] 



-29- 









J? cF [mm] 








A "DT7 


U.UU 


15.59 




187.9 


Lll 


c i no 
olUZ 




i n 0*7 


Sl02 


195.5 


o 10 J 


JO/.ZJ 


1 1 




191 . 1 


L12 


O 1 A A 

S104 


234.09 


1 £ t\'i\ 

15.00 


Si02 


184.3 


S105 


180.39 


259.04 




178.1 




S106 


0.00 


206.08 




213.7 


L13 


olUV 


isjy .4y 


38.23 


SiU2 


245.5 


S108 


-306.69 


52.29 




245.8 


L14 


SI 09 


130.37 


52.39 


Si02 


190.4 


S110 


844.68 


15.14 




175.2 


L15 


sin 


555.42 


5.86 


Si02 


160.8 


S112 


100.69 


79.74 




134.3 




IM 


0.00 


0.00 




116.0 



z : SiiC^, h : R : EX : M'bm. C k : 



¥® 


EX 


CI 


C2 


C3 


C4 


S102 


-0.6130 


-9.1133E-09 


1.0931E-12 


-1.1185E-16 


4.3105E-21 


S104 


3.5118 


2.673 1E-08 


-1.1221E-12 


7.9601E-17 


-4.1294E-21 


Sill 


2.0197E+12 


-5.5586E-08 


4.3580E-12 


-1.9413E-16 


2.3919E-21 



*1 :Hl©^«»#*V'f^3tW-^ 

[Table 5] 



-30- 





¥® 




W £ [mm] 








OBJ 


0.00 


32.95 




31.2 


L31 


S302 


-38.69 


37.88 


CaF2 


61.9 


S3 03 


-73.41 


0.90 




114.4 


L32 


S3 04 


2696.07 


33.32 


CaF2 


168.2 


S305 


-191.13 


0.90 




178.0 


L34 


S306 


329.78 


41.98 


Si02 


216.0 


S307 


-514.77 


28.53 




219.1 


L35 


S308 


334.07 


34.03 


Si02 


227.6 


S309 


-570.33 


161.49 




227.6 




APE 


0.00 


6.00 




188.0 


L36 


S311 


130.20 


30.35 


SL02 


195.8 


S312 


324.12 


99.95 




192.5 


L37 


S313 


211.39 


11.40 


Si02 


168.8 


S314 


127.10 


230.32 i 




158.8 




S315 


0.00 


216.90 




197.4 


L3S 


S316 


-851.36 


37.33 


Si02 


237.1 


S3 17 


-237.99 


0.90 




240.0 


L39 


S318 


133.05 


46.59 


Si02 


212.7 ! 


. S319 1 


275.70 


42.03 




200.4 


L310 


S320 


240.69 


12.00 


Si02 


162.1 ! 


S321 


101.80 


91.62 




138.5 




IM 


0.00 


0.00 




116.2 



z = — =J _= 

z : mum. h. : iSS$, R : ^£1, EX : ffifom, C k : ^SfcEg^gt 





EX 


! CI 


C2 


C3 


C4 


S308 


-2.4978 


-4.348 1E-08 


-7.8594E-I4 


-2.0935E-17 


8.6082E-23 


S311 


0.2840 


-4.1616E-08 


-1.1523E-12 


-4.8136E-18 


-5.8384E-21 


S313 


0.6222 


-3.5043E-08 


1.0875E-12 


2.1557E-16 


-3.6907E-21 


S320 


0.9715 


-5.9896E-08 


-2.8284E-12 


1.2407E-16 


2.9936E-21 



[Table 6] 



■31- 


















OBI 


0 00 


44 19 




JZ.*t 


L51 




-A? 7R 


JU.JJ 


MUZ 


/ J.V 




- / 0 , If 


n on 




17 1 7 

121 . / 


L52 




-lift 


17 in 


C«i"l7 


163. 1 










1 /7.Z 


L53 


ojUO 






C^/">7 


22 1 . U 






I. 03 




228.3 


L54 


ojUo 




/in ah 


0-1/^7 

ilUZ 


7>i i « 
241.5 




o irk l a 


100. JU 




244.0 


L55 


c< i n 


17*7 t g 
-J / / .Z5 


ZO.UU 


biOz 


241.3 




77/1 7fl 


4U.DU 




243,4 




A "DC 

AJrli 


U.UU 


o.UU 




217.2 


L56 


SO 13 


212.0 J 


3y.70 


Si<J2 


216.9 


S514 


IZyo.uy 


120.30 




211.7 


L57 


S515 


523.30 


11.70 


Si02 


166.8 




no i o 
JLZa.Zo 


14o. fo 




155.8 






U.UU 


111 < c 
1 13.53 




233.3 


L58 


o-J i. o 


146.29 


33 on 




71 O 7 


S519 


345.28 


94.30 




216.2 


L59 


S520 


-268.89 


55.00 


Si02 


208.1 


S521 


-200.89 


0.80 




216.3 


L510 


S522 


1616.33 


35.50 


Si02 


202.3 


S523 


-174.93 


2.20 




199.1 


L511 


S524 


256.46 


15.90 


Si02 


163.9 


S525 


96.08 


96.71 




137.4 




IM 


0.00 


0.00 




113.3 



l+^l-ri-^lj A 1 



z : S 




* fSi c? > R : 


^1, EX : 


M>1>^, c k 


: 0i&mm®. 




¥® 


EX 


Cl 


C2 


C3 


C4 


C5 


S509 


-1.1741 


3.9084E-08 


3.8630E-13 


1 6.5586E-17 


-3.3899E-21 


1.2432E-25 


S513 


-0.2501 


-2.187QE-08 


5.4913E-14 


-7.7358E-17 


4.1956E-21 


-1.2014E-25 


S518 


0.2356 


-3.4023E-08 


-1.0405E-12 


7.3414E-17 


-9.7841E-21 


3.0608E-25 


S523 


-0.8321 


1.4350E-07 


-4.9565E-12 


5.7530E-16 


-3.6123E-20 


1.5494E-24 



^5 : m 5 ©gpOft^x — * 



DESCRIPTION OF DRAWINGS 



•32- 



[Brief Description of the Drawings] 

[Drawing l] It is the drawing in which the lens piece of the division form objective lens 
by this invention is shown. 

[Drawing 2] It is the graph of the pupil function of the division form objective lens of 
drawing 1 . 

[Drawing 3] It is the drawing in which the lens piece of the 1st operation gestalt of a 
REMA-objective lens is shown. 

[Drawing 4] It is the graph which shows the deflection of distribution of the heavy beam 
angle covering visual field height, and the pupil function of the REMA-objective lens of 
drawing 3 . 

[Drawing 5] It is the drawing in which the lens piece of the 2nd operation gestalt of a 
REMA-objective lens is shown. 

[Drawing 6] It is the graph which shows the deflection of distribution of the heavy beam 
angle covering visual field height, and the pupil function of the REMA-objective lens of 
drawing 6 . 

[Drawing 7] It is the schematic diagram of the microphone log RAFI projection aligner 
which has the division form objective lens of this invention. 

[Drawing 8] It is the graph by the German patent specification 19942291. No. 8 which 
shows the deflection of an objective lens-pupil function [ body / of the projection objective 
lens of a publication ], and the pupil function of the REMA-objective lens of drawing 3 to 
drawing 2 . 

[Drawing 9] It is the schematic diagram of the microphone log RAFI projection aligner 
which has the REMA-objective lens of this invention. 

[Drawing 10] It is the graph by the German patent specification 19942291. No. 8 which 
shows the deflection of an objective lens-pupil function [ body / of the projection objective 
lens of a publication ], and the pupil function of the REMA-objective lens of drawing 6 to 
drawing 8 . 

[Description of Notations] 

1 Division Form Objective Lens 

3 Lens Group 

5 Lens Group 

Lll Lens 

L12 Lens 

L13 Biconvex lens 

L14 Meniscus 

L15 Lens 
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S102 Lens side of the aspheric surface 
S104 Lens side of the aspheric surface 

5107 Lens side 

5108 Lens side 

5109 Lens side 

5110 Lens side 

5111 Lens side 

5112 Lens side 

5111 Lens side of the aspheric surface 

5112 Concave lens side 
APE Diaphragm side 
OA Optical axis 

IM Drawing side 

HS Main beam 

RS Circumference beam 

IM MA flat surface 

OBJ Body flat surface 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2 **** ghowg the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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